WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

DOIF 6/62, 8/14, D04H 1/42, B32B 27/36 



Al 



(11) International Publication Number: WO 98/50611 

(43) International Publication Date: 12 November 1998 (12.1 1.98) 



(21) International Application Number: PCT/US98/08417 

(22) International FUing Date: 4 May 1998 (04.05.98) 



(30) Priority Data: 
08/850,319 



2 May 1997 (02.05.97) 



US 



(71) Applicant: CARGILL, INCORPORATED [US/US]; Law 

Dept., 15407 McGinty Road, MS24. Minneapolis. MN 
55391-2399 (US). 

(72) Inventors: RYAN, Christopher, M.; 9186 Quinwood Lane 

North, Maple Grove, MN 55369 (US). BUEHLER. Nancy, 
Uzelac; 217 Bank Street S.E., Minneapolis, MN 55414 (US), 
GESSNER, Scott, Louis; 341 Willowspring Drive North, 
Encinltas. CA 92024 (US). BROSCH, Andrea, Ue; 6470 
Undestad Street, Eden Prairie. MN 55346 (US). 

(74) Agent: DALEY, Dennis, R.; Merchant, Gould, Smith, Edell, 
Welter & Schmidt, P.A.. 3100 Norwest Center, 90 South 
Seventh Street, Minneapolis, MN 55402-4131 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA. CH. CN, CU. CZ, DE, DK. EE, ES, FI, GB. GE, 
GH. GM. GW. HU, ID, IL. IS, JP, KE, KG, KP, KR. KZ. 
LC; LK, LR, LS. LT, LU. LV. MD. MG, MK, MN, MW, 
MX. NO. NZ, PL, PT. RO, RU, SD. SE, SG, SI, SK, SL. TJ. 
TM, TO. TT, UA, UG, UZ, VN. YU. ZW, ARIPO patent 
(GH. GM. KE. LS, MW. SD. SZ. UG, ZW), Eurasian patent 
(AM, AZ, BY. KG, KZ, MD, RU, TJ, TM), European patent 
(AT. BE. CH. CY, DE, DK. ES, FI, FR; GB, GR, IE, IT, 
LU, MC, NL. PT. SE), OAPI patent (BF, BJ, CF. CG, CI, 
CM, GA, GN, ML, MR. NE, SN. TD, TG). 



Published 

With international search report. 

Before the expiration of, the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titte: DEGRADABLE POLYMER FIBERS; PREPERATION; PRODUCT; AND METHODS OF USE 



(57) Abstract 



The present invention relates to a fibrous material which includes a plurality of polylactide containing fibers. The plurality of 
polylactide containing fibers can be considered low shrinkage or high shrinkage. The plurality of polylactide containing fibers are considered 
low shrinkage fibers if they provide a boiling water shrinkage propensity of less than about 20 %. The plurality of polylactide containing 
fibers are considered high shrink fibers if they provide an average fiber boiling water shrinkage propensity of greater than about 10 % and 
a heat of fusion of less than about 25 J/g. The invention additionally relates to the use of an extrusion process to provide low shrinkage 
fibers and high shrinkage fibers. The invention futher relates to the use of these fibers in desirable products. 
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DEGRADABLE POLYMER FIBERS: 
PREPARATION: PRODUCT: AND. METHODS OF USE 

Cross Reference to Related Applications 

This application is a continuing application of United States Patent 
5 Application Serial No. 08/850,3 1 9 which was filed with the United States Patent and 
Trademark office on May 2, 1997. The entire disclosure of the United States Patent 
Application Serial No. 08/850,319 is incorporated herein by reference. 

Field of the Invention 
The present invention concerns fiber technology. It is, for example, 
10 readily applicable to woven and nonwoven fibrous materials. It concerns general 
techniques, methods and materials relating to degradable polymer fibers, especially 
those readily incorporated into woven and nonwoven products and substrates. 



Background of the Invention 
In recent years, attention has focused on preferred degradable 
15 polymers, which can be converted to desirable substrates or articles. Much of this 
. attention is focused on polymers which include, as a monomeric unit therein, the 
result of lactic acid or lactide polymerization. Attention is directed, for example, to 
U.S. Patent No. 5,525,701, the complete disclosures of which are incorporated 
herein by reference. It is noted that U.S. Patent Nos. 5,525,706 is owned by Cargill 
20 Incorporated, of Miimeapolis, Minnesota. Cargill Incorporated is the assignee of the 
present application as well. 

Other published patents which concem polymers of lactic acid or 
lactide include: U.S. Patent Nos. 5,444,113; 5,424,346; 5,216,050; European 
Publication No. 747065 Al; European Publication No. 723043 A2; French 
25 publication 272573 1 ; and; European Publication No. 63764 1 Al . 

Incorporation of such technology into preferred fibrous materials, 
especially in the generation of nonwoven fiber substrates, is a focus of concem 
herein. 



Summary of the Invention 

30 The present invention relates to a fibrous material which includes a 

plurality of polylactide containing fibers. The plurality of polylactide containing 
fibers can be considered low shrinkage or high shrinkage. The plurality of 
polylactide containing fibers are considered low shrinkage fibers if they provide a 
boiling water shrinkage propensity of less than about 20%. The plurality of 
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10 



15 



polylacUde containing fibers are considered high 

heatof fusion of less than about 25 J/g. The invention additionally relates to the use 

of xtn^ionprocesses to providelow shrinkage fibers 

Il^emventionfimher relates to the useofthese fibers in desiLeprodu^^^^^ 

Brief PffsrHptjon of thi. nra^^np 
Fig. 1 describes a melt spinning process; 
Fig. 2 describes a spunbonding process; 
Fig. 3 shows a melt blowing process; 

HiUs,Inc.); °f^'^°«^"«^t fibe« 

forapoMactidrfi'erJ^^'^'^'^^^ 

Fig. A-D 6 are photographs of side by side bicomponent fibers- 
Fig. 7 shows fiber diameter as a fimction of take-up velocity * 
Fig. 8 shows amount of crystallinity as a fimction of take-up'velocity- 
Fig. 9 shows birefringence as a fimction of take-up velocity- 
Fig. 10 shows amount of shrinkage as a fimction of take-up ;elo^^^^ 
Fig. 1 1 shows amount of crystallinity as a fimction of take-up 



20 velocity 



25 



velocity; 



30 



35 



Fig. 12 shows birefringence as a fimction of take-up velocity- 
Fig. 13 shows amount of shrinkage as a fimction of take-up Jelocity- 
Fig. 14 shows amount of crystallinity as a fimction of take-up 

Fig. 15 shows birefringence as a fimction of take-up velocity 

^g. ;6«;;owsamountof shrinkage asafimctionoftake-upvdocity; 
Fig. 17 shows effects of crosslinking; 

Fig. ISshows'/oshrinkageasafimctionoftake-upvelocity 

Fig. 19 shows branching efifects on birefringence; 

Fig. 20 shows branching effects on % shrinkage- ' 

Fig. 21 shows birefringence as a fimction of tak^up velocity; and 

l-ig. 22 shows shrinkage as a fimction of take-up velocity. 

Detailed np^priptj^n 

The present invention relates to fiber technology and how it r«n 
«d .„ eevelop <^„e p,„,^,. ,„ ZZ^ JZ^^ 
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characteristics in woven and nonwoven fabrics. It will be appreciated that this 
application is particularly concerned with how fibers containing polylactide polymer 
can be modified to provide desirable properties in nonwoven end products. 

The numerous references in this application to "modification" of 
5 fibers may refer both chemical modification, physical modification, both, or some 
combination of both, which should be apparent fix)m the context of the discussion. 
By chemical modification, we mean that the chemistry of the fiber or polymer 
composition can be adjusted by the incorporation or removal of an ingredient .or 
component. The ingredient or component can be a reactant, nucleating agent, 

1 0 additive, compatibilizing agent and the like, which can alter a particular property. 
By physical modification, we mean that the fiber or polymer composition can be 
physically treated in a way that increases or decreases a particular property. 
Examples of physical modification include, for example, stretching, drawing, 
annealing, and quenching. As discussed in more detail below, the level of 

1 5 crystallinity in a polylactide composition can be altered by both chemical 

modification and physical modification. For example, the level of crystallinity 
provided by a polylactide polymer can be mcreased by lowering the component of 
R-lactic acid residue in the polymer, and can be increased by stress during spirming 
or drawing. The attaimnent of these characteristics, in addition to others, for usefiil 

20 applications are described below. 

The fibers of the invention can be used to provide woven and 
nonwoven fabrics. For simplicity, nonwoven fabrics can be referred to as 
nonwovens. It should be understood that in the context of the present invention, 
"nonwoven fabrics" refers to fabrics prepared from fibers by a method other than 

25 weaving or knitting. The nonwoven fabrics of the invention includes fabrics 

prepared by deposition of fibers or filaments of long, intermediate, or short length. 
Long fibers are generally considered to be continuous fibers characterized by a 
length greater than the distance between the spin pack and the web or godet rolls 
provided during spin processing. In effect, the length of the fiber is at least greater 

30 than two meters. Fibers of theoretically discontinuoiis length are genemlly produced 
in meh blown operations. Short length fibers may have a length fi-om about 0.5 ciii 
to about 10 cm, and often have a length of less than about 5 cm. Intermediate fibers 
can range in length firom 5 cm to about 10 m. Altematively, intermediate length 
fibers can be characterized as having a length of between about 5 m and 1 m. 

35 Moreover, the fibers or filaments can be entangled, bonded, and the like. In 

addition, the nonwoven fabrics can be incorporated as part of a laminate or other 
structure which advantageously utilizes the characteristics of a nonwoven. An 
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example of a type of laminate is a SMS fabric (that is, spunbond-^eltblown- 
spunbond). 

■^"''""''''^oftetaventioo can have utility in agricuIt>mU,nKdical 
hy8,«». flltradon. barder. intiustnal, disposable, and dwable „<,„wov;r 

I T"*- ,°f '"^"^ ^ W'-"-^ "ke- biodegradabiUty can 

adv^.ag«„.alytec™nbi«d™«,a6b,ico,lan>i„atetoctio„top^^^^^ 
^ftnea^ dn>pc bamerp,<^e^ elongation, fl^ comfor, and theL uZZy 

prefe,nd„„n«ve„fibHcaincl„de.ab»rt««andfInidWer(sucl,a;^ 
acu,s,non/d.s,rib«io„ layer) which can be used, for example, in media hygiene 
10 ^-^"-="*-diapers.,rainingpan.a.fe„«.abaorbe«»^^^^ 

fitonon and bame, fabrics; textiles which can be «d. for exampi; i„ Z^'^ 
mdustnal gannen, applications; instdation application.; buMng 1 ffll 
apph^ons including packaging materials; as a teplacemen, for cellulose- and as 
wonnddressn^. The «be. naay also t« adv^tageon^ly used as binder fiCry 
5 '^«*-flbers.suchaainno„wovens.paper.yan.,and,helike. The^' 
be nKKMed to provide desirable propcrUes which can include spinn^ 
webfor^ng, thennal bond rang^ good bond strength. them^l-dintLio^ Lilitv 
softness, drape, stability to iomzing radiadon, length, toughness diffJZ^ ^' 
shr^gea^dflbrillaaon. The a«ainn«« of desired, ropeLesfo;" 
product apphcation are taught by .Ws application. In oflter words, this applicadon 

i:::n:zr"°~--*-''---— 

!• Materials. 



30 



35 



In general, preferred fibers which can be provided according to the 

nolvl. . H • ^'^'''°*^°"'°°*^P^^*^^*^"^«°ffib«^ormamentscontain^^ 
polylactide m nonwoven materials. IT^e fibe,. or filaments can be classified as 
monocomponent fibers or multicomponent fibers. 

■^^'"°°°'=°'"Ponent fibers will include at least a portion of 
polylactide. The multicomponent fibers will include at least one component based 
upc.polylact,de and at leasts 

pobdactieoruponamateri^ if multicomponent 

upon polylactide, it ,s expected that the two polylactide components will have 
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different properties which will allow the final product to have properties that would 
not otherwise be attainable using a monocomponent fiber based upon polylactide. 

In general, polymer nomenclature sometimes references polymers on 
the basis of the monomer from which the polymer is made, and in other instances 
5 characterizes the polymer based upon the smallest repeating unit found in the 
polymer. For example, the smallest repeating unit in polylactide is lactic acid 
(actually residues of lactic acid). However, in typical instances, commercial 
polylactide will be manufactured by polymerization of lactide monomer, rather than 
lactic acid. Lactide monomer, ofcourse, is a dimer of lactic acid. Herein the terms 
1 0 "polylactic acid," "polylactide," and "PL A" are intended to include withm thek 

scope both polylactic acid-based polymers and polylactide based polymers, with the 
terms used interchangeably. That is, the terms "polylactic acid," "polylactide," and 
"PL A" are not intended to be limiting with respect to the maimer in which the 
polymer is formed. 

1 5 The term "polylactide based" polymer or "polylactic acid based" 

polymer is meant to refer to polymers of polylactic acid or polylactide, as well as 
copolymers of lactic acid or lactide, wherem the resulting polymer comprises at least 
50%, by weight, lactic acid residue repeating units or lactide residue repeating units. 
In this context, the term "lactic acid residue repeating unit" is meant to refer to the 

20 following unit: 

H O 
CH, 

In view of the above definition, it should be clear that polylactide can 
be referred to both as a lactic acid residue containing polymer and as a lactide 
residue containing polymer. Herem the temi "lactide residue repeating unit" is 
25 meant to refer to the following repeating unit: 

H 0 H O 



in, in. 



It should be appreciated that the lactide residue repeating unit can be 
obtained from L-lactide, D-lactide, and meso-lactide. The L-lactide is structured 
from two S-lactic acid residuals; the D-lactide is structured from two R-lactic acid 
30 residuals; and the meso-lactide is structured from both an S-lactic acid residual and 
an R-lactic acid residual. 
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it should be understood that the tenn«PLA" is not 
mt^dedoh..aco.positiontooneco„tainingonly^^^^^^^^ 

5 i^eatmg umt m an amount of at least 50-/0, by weight, based on the total repeating 
«m^rnthepoly.er.APLAco.positioncani^^^^^^ 
w.^AepK>l3anercontainingatleast50OA^ 

m^api.,cat,on. disbelieved that thecomponentof^ 

0 2t2 ^oTr^^^'^"^*"^^^^^ Generally.itisexpectedthataUeast 
about20/oofthecomponentwUlbecomprisedofapolyIactidematerial Pxeferablv 
the component will include at least about IW. by weight nolvlacriH. a 
preferably at least about m by weight polylacliri^^lr H ^ 
~ofpolylactidep.entin^pl~:^^^^^ 
property to be imparted to that component. on me desired 

Useable PLA-bajed polymers for conversion lo fibrous materials 
acco.dmgtod^p.efe.redtecUquesd.scribedhe^m.^p^,^^:"™'^ 
polymerrzanonofl^Meortaeacadd b some appUca«oL, S» polylrizadon 

wr* anote materral. In some msrances. fte aeid or lactate m«- fiTlT^ 

P0l««d,4eresul«„gHy„ern.«^««t^,„^"X^le 
»r^d anod^ermarcHal in order, o provide f^somed^tT^ 
modrfieaoon. for example reMng ,o molecular weigh, or polydispersih, 

In are eontex. of d,e present invenlion, reference ,o degradable fiber, 
mctades composable fibers. Composuble fibers are fibers having a,S.l!!!! 

»brch™i,breal,do™andbe<.mcp«„facompos,„po„being!:^^^^^ 
physical, chemrcal. ftennal. and/or blologicd degradadon in a soUd vLe 
compoamg or biogasiflcadon Mv. As used in ftis applicaUon, a compos,ing or 
b,ogas.ficaUon facility hasaspeciflce.,ironmen,wbichinduees.;pid"C^^^ 
2'a^»onO,„^ly.c.ndiaons„bicbpr„viderapid„raecele,aLI^r 

wholly or par^raUy composUble, depending on d,e amoun, of compostable ma.«ial 
mcorporated um fte fibers. Tie compos^ble eomponen, of d,e flbe. sh 

compos^ble and biodegradable duHng composiing^iogasificafion. or in 
amended so.1. a. a rate and/or exten, comparable ,o that of know, reference 
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materials such as cellulose or paper. Basically, this means that the components 
should be degradable within a time frame in which products made therefrom, after 
use, can be recycled by composting and used as compost. It should be understood 
that certain materials such as hydrocarbons and other polymeric resins including 
5 polyethylenes, polypropylenes, polyvinyls, polystyrenes, polyvinyl chloride resins, 
urea formaldehyde resins, polyethylene terephthalate resins, polybutylene 
terephthalate resins, and the like are not considered compostable or biodegradable 
for purposes of this invention because they take too long to degrade when left alone 
in a composting environment. The rate and extent of biodegradation of compostable 

10 materials is described in detail in United States Patent Application Serial No. 

08/642,329, which was filed with the United States Patent and Trademark Office on 
May 3, 1996, the entire disclosure of which is incorporated herein by reference. 

Lactic acid residue containing polymers are particularly preferred for 
use in the present invention due to their hydrolyzable and biodegradable nature. One 

15 theory of the degradation of lactic acid residue containing polymers is that they can 
be degraded by hydrolysis at hydrolyzable groups to lactic acid molecules which are 
subject to enzymatic decomposition by a wide variety of microorganisms. It should 
be appreciated, however, that the precise mechanism of degradation is not a critical 
feature of the present invention. Rather, it is sufficient that one recognizes that 

20 polymers which provide similarly rapid degradation to naturally occurring end 

products can be useftd in the present invention. U.S. Patent No. 5,142,023 issued to 
Gruber et al. on August 25, 1992, the disclosure of which is hereby incorporated by 
reference, discloses, generally, a continuous process for the manufacture of lactide 
polymers from lactic acid. Related processes for generating purified lactide and 

25 creating polymers therefrom are disclosed in U.S. Patent Nos. 5,247,058; 5,247,059; 
and 5,274,073 issued to Gruber et al, the disclosures of which are hereby 
incorporated by reference. It should be appreciated that selected polymers from 
these patents having the physical properties suitable for use in the present invention 
can be utilized. Generally, polymers according to U.S. Patent No. 5,338,822 issued 

30 to Gruber et al. on August 1 6, 1 994 and U.S. Patent No. 5,594,095 issued to Gruber 
et al. on January 14, 1997, which are incorporated by reference, can be used in the 
present invention. Exemplary lactic acid residue containing polymers which can be 
used are described in U.S. Patent Nos. 5,142,023; 5,274,059; 5,274,073; 5,258,488; 
5,357,035; 5,338,822; 5,359,026; 5,484,881; 5,536,807; and 5,594,095, to Gruber et 

35 al., the disclosm-es of which are incorporated herein by reference. Polylactide 
polymers which can be used in the invention are available under the tradename 
EcoPLA™. 
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5 adjusted for a given application. F™escanbe 
nolvn, • ^°*''^'°^"'^*''^°^fi'^'^''^^^P^fe^ble that the polylacti^^ 

"ete^^d b, consideraUon such as viscosity i„ fte „el. bio,™ pJcess " 
-a™of Molecular weightisp^ferablyinacco.^^^^^^ 

stand^ds as described, fcr example, iu U.S. Pa,e« No J assTS 

„„n,h„ .'^"'^-'""^"^'''I'imfag.itUdesimbletoprovidea 

:™0:^r?'"™i*"''^'^-^ofab„u.25.000.aJ 

1 50.000. Prefcably, fte number average molecular height is provided wiftin a 

aZ;™;'rT:'°*°"'"''°'"-'°™'-^'^^^^ 

about 50.000 to about 90.000. It is believed that He ™„,be, average molecular 
«bemostp.re.ab,.i„ara„geof»omabou.«.«K,rZ^X 

ta^tl»molecul^«,gb,„,e„eraUyaita,ctio„ofmelts»^^^ 

Id^ "*"'""'^'^'=''^™"-P«drop,L„gb 
fl»d,e.a.d«„des,,euo,.„process.be^,ymera.excessive,ybighte^^ 

»fi <'''")'>f'k«P°lyl«i<f= polymer is scuerallv 

a fcnctton of baching or crossliukiug and is a measure o,a,e btLd* of L ' 

3 5 " d K " ^ ^ abou, 1.5 L about 

orcn>ss.mlcmgmay.ncreasethePDl. Furthem,„re. the melt flow index of the 

^lylacttde polymer should be in preferred ranges, using standard ASTMmeltflow 
^ng procedures, measured a, JIO'C with a 2. 1 6 Kg weight. For melt bloIfiL 
4e mel. flow mdex should be between about 50 and 5000. and preferably betwT^ 
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about 100 and 2000, For spunbond fiber the melt flow index should be between 
about 10 and 100, and more preferably between about 25 and about 75. For melt 
spinning fiber the preferred polymer should have a melt flow index between about 
10 and about 100, more preferably between about 10 and about 50, and most 
5 preferably between about 1 0 and about 30. 

The preferred polylactide polymers for use in fiber formation are 
preferably melt-stable. By this, we mean that the polylactide polymer will be 
relatively stable to lactide reformation and depolymerization at temperatures . 
encountered during melt processing. With respect to this, the disclosures concerning 
10 melt stability provided in U.S. Patent Nos. 5,338,822 and 5,525,706 and U.S. 
Application Serial No. 09/053,836 filed April 1, 1998 are incorporated herein by 
reference. 

Furthermore, it should be understood that preferred melt-stable 
polylactide compositions preferably include a lactide concentration of less than 

1 5 about 2% by weight, more preferably a lactide concentration of less than about 1 % 
by weight, and even more preferably a lactide concentration of less than 0.5% by 
weight. Most preferably, to ensure melt stability properties, it is preferred that the 
lactide concentration is less than about 0.3% by weight In addition, it is preferred 
that the extent of lactide generation during melt processing, such as through an 

20 extruder, provides generation of less than about 2% by weight lactide. Of course, 
the more melt-stable the polylactide polymer is as a result of the lower levels of 
residual lactide, the less it is expected additional lactide will be generated during 
melt processmg. Thus, it is expected that for melt-stable polylactide polymers, melt 
processing will only generate less than about 1% lactide, and even more preferably 

25 less than about 0.5% by weight lactide. While low residual lactide can be important 
for maintaining melt stability, it should be appreciated that additional additives can 
additionally be relied upon for providing melt stability. Exemplary additives are 
described in U.S. Patent Nos. 5,338,822 and 5,525,706 and U.S. Application Serial 
No. 09/053,836, which are incorpomted herein by reference. It will be appreciated 

30 that several of the examples reflect the use of tartaric acid as a stabilizer for 

polylactide polymers. It is expected that additional carboxylic acids will fimction to 
enhance polylactide polymer stability during melt-processing. 

Applicants discovered the conditions of fiber formation are very 
extreme, which promotes lactide reformation and molecular weight degradation. 

35 Conditions in the extruder often exceed 200**C, and the surface area generated during 
fiber formation provides an increase in the contact area between equipment and/or 
air and melted polylactide compared with film formation or molding formation. As 
a result, conditions during fiber formation favor degradation of the polymer. 
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Applica^K have discovered tot it is advant.geo,« to enhance meh atabiUly beyond 

5 »„,-,^ ofPoWaoade to hydralysisaclfally provides a 

'^«*-7'f"fib«andartic,esn,ade,he.fr„„. ,f c„„dLn. can he 

made avorabief.,aurfi„ehyd„,Iy.i. ofthefibera.it is fonned. or sab~to 
fonnanon. a fiber o, fila„,e« .e^., , „ ; shTJ^ 

^rnj»o„„f.hatahe*has„nn,e.„apo.e.fi^ 

0 ta,°aT ''""^'^''"°°°«^-"'fi<--"'^ta"oduced 
0 0,0 a b^ud atmosphere tntder c^KUfiona which wiil ,e«dt in a desired ieveTof 
hydroiysts „ the outer layer of the fiber. .. is expected that the hyd«>^j 1 

prov,deadecreaseinthepolylactidemolecularweishtatthefiJ.J T- . • 
expect.toeffectthe.„e,tin.te.,pe„t,.,,.,r::LX^-_^^^^ 

_ monocomponent fiber can be refened to as a psendo^,ic„„^nent flb^ * 

Copolynfiw 

'^'"^'•'^"^"'"'^S polymers include copolymers artdai, 
generaUy prepared fiom monomers which mdude lactic acid 1««,H, T 

hereof, ^^^chareconsideredlacdcacidre^r^r^, 
mchtde polyflactide) polymers. polyQactic «dd) polymers, and cop„l„l ^ 
.™.oma„d/orbl„ckcopo,yme,sof>a«ideand/orlacfica;id. Lal^ 
co,j,x>„en,. which can be used to fm™ the tactic add residue containing polymers 

nclu eL-Ucttc acid andD-lacticacid. Uctidecomponents Which J^^" 
form t^e la«,c acid residue contamtog polymers include L-lacfide, iTl^^^ 

lact.de residue and D-lacdde t^idue as comonomeis. 

vi„ w ,.,T°'"''''''^'^'''^''"«'*'''"'>"''i"8l»" shrinkage fibers 

"^^f »f' - ^ Such polyme,. are descrihi in d^, i, 

US.Pa.eMNo 5.359.026andU.S.Pa,entNo.5.594.095,.hepaten.sbeing 

norporatedrnttsentire^byreferenceherein. Viscosity modified polylactide 
polymers are rmportantbecat^e they provide desirable precessing 
such as reduced viscosity and increased melt strength. 

Particularly preferred viscosity modified polylacflde polymers mchKle 
copolymers of lacdde and epoxidized m.ltifbncUon.1 oU such as epLd^l^ 

0.1 and e^xidized soybean oil. ,n many sih.u„„, it is preferred Zt 

P..f«red fiom 0. Ho 0.5 weigh, percent epoxidized muMtoctiona. oil aL^Z 

lachde mo«»er. Catalyst can be added, and the mixture can be polymen J 

between ahout.«.Ca„d200«C.Tl,e resulting polymer preferaWyLanlber 
averagemolecularwei6h,ofabout50.000loabou. 103,000. 
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It should be understood that while many different types of 
components or reactants can be introduced into the polylactide polymer, the presence 
thereof does not necessarily make them repeating units. Clearly, the presence of a 
component or residue thereof at a concentration which corresponds to the presence 
5 of a few components or residues in a polymer chain is not repeating, and the residue 
would not be considered a repeating unit. 

Other preferred copolymers include copolymers of PLA with other 
biodegradable polymers, especially aliphatic polyesters. One preferred method to 
form the copolymers would be through interesterification or coupling in a post 

10 polymerization process, such as reactive extrusion. Alternatively, copolymers of 
lactide and other cyclic esters, cyclic ester-ethers, and cyclic ester-amides are 
possible. Comonomers in this case would include a lactide with morpholine-2-5- 
dione, dioxepane-2-one, dioxanones (such as p-dioxanone), lactones (such as 
epsilon-caprolactone or 4-valerolactone), dioxan (dione)s (such as glycolide or 

1 5 tetramethyl- 1 , 4-dioxane-2, 5-dione), or ester-amides (such as morpholine-2-5- 
dione). With respect to copolymers, reference can be made to the discussion in U.S. 
Patent No. 5,359,026, the disclosure of which is incorporated herein in its entirety. 
Also, copolymers of lactic acid and other hydroxy acids or hydroxy and/or acid 
terminated low molecular weight polyesters are possible. Aliphatic polyesters or 

20 polyester-amides are preferred. 

D. Other Components 

The polylactide polymer composition can include additional 
components or additives including, plasticizers, rheology modifiers, crystallinity 
25 modifiers, antioxidants, stabilizers, pigments, nucleating agents, compatilibilizers, 
and the like. 

Plasticizer 

For most lactic acid residue contaming polymers, it is believed that 
the glass transition temperature can be lowered to desirable levels by adding a 

30 plasticizer component to provide a concentration of about 0.5 to 20 percent by 
weight plasticizer, based on the weight of the polymer composition. Generally, a 
sufficient amount of plasticizer should be incorporated to provide a desired 
reduction in Tg. It is believed that the plasticizer level should be above at least 1 
percent by weight, and more preferably above at least 2 percent by weight, to 

35 provide sufficient flexibility and softness. Accordingly, the plasticizer should be 
included to provide a concentration level of about 1 to 10 percent by weight. 

It is preferred to use a plasticizer which is biodegradable, non-toxic, 
compatible with the resin, and relatively nonvolatile. In particular, because of the 
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'ZT^ 7 of expos«i during fiber fo^adon. i, is d«i«d to p^vide 

apl^c^ * oh does no, volaUli^e u, a sigmflcan, extent Mos, prefe^l 
plasncizers have a vapor pras>m= of less than 1 mm Hg at 200-C. 

'"'™^P'»«''='»'=.wl>lchareboDdedtothelacticacidresidue 
pojy^er, may also be usefU m fte p„sen, invention. Exemplar- 

P^^o^oaa bebondedtott-epoiymer include epoxides. PiastioL*^ 
are normally solid at room temperatuie can additionally be used. 
Nttcleatifn» AgAnf.; 

N,«-l„,- '°''^"^"'»"»^''°°''™J"«»8"8entsm^beine„nK,Me. 
Nucleanng ag«„s may include selected plasticizers. finely divided mind organic 
~s, salts of o^anic acids and imides and finely divided ctyatalline ZZ 

™tbamel.mg pom, above the processing ,empe,am,.ofpo,y(lJde).Exrr" 
<^ nncleatmg agents include Wc, sodium sal, of saccharin calciuti sih^ 
«.*um benzoa,^ calcium titanate. boronni«d^ copper phth^ocyalet^^, 

polypropylene. lowmolecularweigbtpolyflachdeJandpolybutylLte^^ 
Snrf.e.TW,|n,f„f, 

^^"^"'^"^"W'lsolK -Bed to reduce blocking or modify 
bon m^ dyeab ity. or chemical reactivity. Such «atinents include ipol^ 

fiber to hyro.yacau„osphe,ecoronaandflamet,eah.ems*L^ 
adhesive, chemical, or fractional properties of the fiber. 

alterfl, , ''°"^""'"'°''"«"'"'^''«^"«>'fl»fitoic to be modified to 

^«rthe«.terttanspor.pr„pe,ties.surfac,anumaybeinco,po.«edi„t„a,e„ebo^ 
the present mvention to increase the water transport properties. 

can be subdivided into cationic. anionic 
^omc agents With regard to cationic c^npounds, the active molecule pL 
generaUy consols of a voluminous cation which often contains a long alkyl re^due 
(..g. a quatemanr ammonium, phosphonium or stjfomum sal,) wheieby flie 

quaten,a,ygn,^,canalsooecurinaringsyst™(e,g.hnida»line). hmostcases 
fte amon IS ^e chloride, metiiosulfete or nitrate originating fion, the ,ua.em^; 
process. In die anionic compounds. d» active molecule pari in this class of 
compounds is the anion, mostly an alkyl sulfonate, sulftte or phosphate a 
diduocarbamaleorcariioxylae. Alkali meWs often serve as cMions. Nonionic 
annsMic agenls are uncharged suriace-active molecules of a significanfly lower 
polan^, Uian Uie above memioned ionic compounds and include polyeUiylene glycol 
^ or ediers. fatty acid esters or et^olamides. mono- or diglycidi or 
ethyoxylated ftay amines. The above surfac»„s may also ac, as antisutic ageMs 
which may be desirable. '-«>Bcnis, 
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Pi gments 

Pigments, dyes, or color agents may also be added as necessary. 
Examples include titanium dioxide, clays, calcium carbonate, talc, mica, silica, 
silicates, iron oxides and hydroxides, carbon black and magnesium oxide. Titanium 
5 dioxide is useful as a whitener and improves the opacity or "cover" of a web, giving 
the appearance of improved filament distribution. 

Catalysts 

In the manufacture of polylactide compositions of the present 
invention, the reaction to polymerize lactide is catalyzed. Many catalysts have been 

1 0 cited in literature for use in the ring-opening polymerization of lactones. These 
include but are not limited toiSnCla, SnBr2, SnCU, SnBr4, aluminum alkoxides, tin 
alkoxides, zinc alkoxides, SnO, PbO, Sn (2-ethyl hexanoates), Sb (2-ethyl 
hexanoates) (sometimes called octoates) Ca stearates, Mg stearates, Zn stearates, and 
tetraphenyltin. Applicants have also tested several catalysts for polymerization of 

1 5 lactide at 1 80**C, which include: tin(II) bis(2-ethyl hexanoate) (commercially 
available fi-om Atochem, as Fascat 2003, and Air Products as DABCO T-9), 
dibutylin diacetate (Fascat 4200®, Atochem), butylin tris(2-ethyl hexanoate) (Fascat 
9102®, Atochem), hydrated monobutylin oxide (Fascat 9100®, Atochem), antimony 
triacetate (S-21 , Atochem), and antimony tris(ethylene glycoxide) (S-24, Atochem). 

20 Of these catalysts, tm(II) bis(2-ethyl hexanoate), butylin tris(2-ethyl hexanoate) and 
dibutylin diacetate appear to be most effective. 
Finishing Oils 

For some applications, it may be useful to apply surface treatments to 
provide fiber lubricity, change hydrophilicity, alter static characteristics, modify 

25 fiber appearance and ultimately affect fiber cohesion. An example of such surface 
treatments are finishing oils. Finishing oils may affect the above fiber properties, 
but also affect down stream fiber processes. Such processes include manufacturing 
of yams and carding.. Examples of some of the finishing oils that could be used for 
PLA include stearates or other commercially available proprietary oils. 

30 E. Other Polymers 

As discussed above, many different types of polymers can be blended 
with polylactide and used in the present invention. Alternatively, polymers can be 
used as other components in multicomponent fiber which are discussed in more 
detail below. Exemplary types of polymers which can be blended with polylactide 

35 or used as separate components in a multicomponent fiber include polyolefins, 

polyamides, aromatic/aliphatic polyesters, including polybutylene terephthalate and 
polyethylene terephthalate, and combinations thereof Additional types of polymers 
which can be used include destructurized starch compositions, polyhydric alcohols 
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and denvatives, hydroxypropyl cellulose derivatives, ceUulose esters, biodegradable 
abphatic polyesters, ethers, urethanes, and biodegradable aliphatic-ammatic 
polyesters. Examples of destructurized starrh compositions include stanch in 
combination with ethylenevinyl alcohol (EVOH) available as Mater-Bi from 
Novamont Exemplary polyhydric alcohols and derivatives include polyvinyl 
alcohol modified with appropriate plasticizers. such as, glycerol, ethylene glycol 
potyvmyl alcohol m combination with poly(allceneoxy) ac^^late which is available as 
VINEX from An- Products and Chemicals. An exemplary hydroxypropyl cellulose 
denyative mcludes hydroxypropyl ceUulose non-ionic cellulose ether, such as that 
available as KLUCEL from Hercules. Exemplary cellulose esters include cellulose 
acetates (Tenites available from Eastman and including proprionates and butyrates) 
cellulose acetate proprionates, and cellulose acetate butyrates. Exemplary 
biodegradable aliphatic polyesters include polyhydroxy butyrate (PHP), polyhydroxy 
b^t^co-valerate (PHBV) available as BIOPOL, polycaprolactane available as 
TONE from Umon Carbide, polybutylene succinate available as BionolleTM looo 
senes by Showa, polybutylene succinate-co-adipate available as BionolleTM 300O 
by Showa, polyglycolic acid (PGA), various grades of polylactide (PLA) 
polybutylene oxalate, polyethylene adipate. polyparadioxanone 
polymorpholineviones. and polydioxipane-2-one. Exemplary ethers include 
polypropylene oxide and copolymers of polypropylene oxide and polyethylene oxide 
and copolymers of polyethylene oxide. Exemplary polycarbonates include 
polyethylene carbonate, polybutylene carbonate, and polytrimethylene carbonate and 
Its denvatrves. Exemplary urethanes include urethanes made with polyester or 
ethers or mixtures thereof, or made from polyesters and urethanes to provide 
ahphatic polyester urethanes. Biodegradable aliphatic-aromatic polyesters include 
polybutylene succinate-co-terephthalate available from Eastman. andBIOMAX 
from Dupont. 

Additional components which can be either blended with the PLA or 
utibzed as another component of a multicomponent fiber include thermoplastic 
resms. such as. hydrocarbons, polyesters, polyvinyl alcohols, poly(acrylonitrile) 
polymers, and select highly substituted cellulose ester.. Exemplary hydrocarbons 
include polyethylene, polypropylene. Exemplary polyesters include ammatic 
^lyesters, such as. polyethylene terephthalate (PET) and polybutylene terephthalate 

PLA blends may also be useful in improving the adhesion of the PLA 
component to a non-polylactide component, such as a polyolefin. Materials which 
are usefiil as a "tie-layer" may be usefiil in this manner. 
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Polymers which can be used in the present invention include PL A and 
PLA-based polymers, other biodegradable or water-soluble polymers, such as PVA, 
other lactic acid-containing polymers (e.g., lactic acid-based polyurethanes, 
polycaprolactone (PCL), polypropiolactone, cellulose acetates, glycolide-containing 
5 polymers (PGAs), degradable polyesters (aliphatic), polyhydroxy propionate (or 
butylate, capreolate, heptanoate, valerate or octanoate), polyester amides, aliphatic 
diol polymers, aliphatic and aromatic dicarboxylic acids, and, where applicable, 
copolymers and blends thereof. 

An exemplary preferred polymer is a polybutylene succinate 
10 homopolymer sold under tradename BionoUe™ 1000 and is available from Showa 
Highpolymer Co., Ltd. 

The use of compatibilizers, partial copolymerization or 
transesterification, reactive extrusion coupling, and other techniques may be used to 
provide more compatible blends. 

15 

II. Fiber Formation 

A. Fiber Formation Processes 

Fibers according to the present invention can be prepared by a 
nimiber of different techniques coinmonly used in the art. Several of the more 

20 common methods of fiber formation include melt spinning, melt blowing, and 
spunbonding. Additional less common methods, which can still be practiced 
according to the present invention, include flash spun, wetspinning, and dryspinning. 
In a general sense, melt spinning is used to provide longer fibers for wovens and 
nonwovens. Typical applications for fibers prepared by melt spinning include 

25 applications where long fibers and relatively large diameters are advantageous. 
Exemplary types of articles include textiles, absorbent materials, and transfer or 
wicking materials. Fibers prepared by melt blowing, in contrast, are generally finer 
in diameter but less oriented. The fibers prepared by melt blowing generally result 
in breathable fabrics with improved barrier properties but fabrics having a weaker 

30 construction because of the low orientation. Exemplary types of articles which can 
be prepared from meh blown fibers mclude filter media, bulking materials, 
agricultural mulch materials, surgical drapes, wound dressings, and replacement for 
conventional nonwoven fabrics including fabric. Spunbonding processes are often 
considered a type of meh spinning. A significant difference is that spunbonding 

35 involves air entrainment to draw the fibers rather than godet rolls typically seen in 
melt spinning processes with the exception of the Reemay'^'^ and Typar™ processes 
which use godets to draw the filaments, and air to distribute the filaments into a web. 
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Now with reference to Figure 1. a diagram shoAving a conventional 
melt spinning process is provided. As shown, polymer pellet 50 can be introduced 
mto a sealed or moisture controlled hopper 52 where they are fed into extruder 54 
for meltmg and extrusion. Tlie extruder 54 extrudes melted polymer through the 

polymer fibers 60. Tte polymer fibers or spinning filaments are then quenched by a 
quenchsystem62whichisshowntobeanairquenchingsystem. Ofcourse 
alternative quenching systems can be used. The air quench causes the spinnLg 

fiamentstosolidify.sothatthefibersthatdonotstickto Thespinning 
0 filamen^ 60 are optionally passed over a lubricating r^U 64 and over godet rolls 66 
and finally to a winder 68. The godet rolls function to draw the fibers, thei^by 
mducmg stress and controlling speed of fiber pickup. The process of inducing stress 
enhances crystallmity fonnation which is important when desiring to control or 
reduce, shrinkage of the fibers. 

^'yP''^^^P""''°nding process which can be practiced according to 
the present mvention is illustrated in Figure 2. It should be appreciated that the 
spunbondmg process can be fairly similar to the melt spinning process depicted in 
Figure 1. The spunbonding process generally involves an introduction of pellets 70 
into an extruder 72 where they are melted and pix,cessed to a spinning block 74 Tl.e 
sping block 74 generally includes a die or spinnei^ 76. The force generated by 

the extnider 72 supplies head pressure to feedameteringpump.wHchLes^ 
melted polymer to flow through the spimierette 76 into multiple fibers 78 The 
fibers 78 pass through air attenuator 80 (which may be an air gun) which causes 
attenuation or entrainment of the fibers 78. The attenuation of fibers 78 creates 
stress which, in turn, induces crystallization in the fibers. It should be appreciated 
that the melted polymer from the extnider may pass through a melt pump in order to 
control the capiUiary throughput and die pressure in the spimiing block 74 

Once the fibers 78 pass through the air gun 80, they are laid on a belt 
82 to formaweb 84. The speed ofthe belt 82 is determined by the operation speed 
oftheconvey^86. As the web 84 separates fi.m the belt 82. it generally passes 
tiirough a bondmg operation, such as embossing rolls, to efifect a coherent web The 
bonding operation can include a calender, oven, heated can or any number of ' 
themial, mechanical, hydraulic or chemical bonding techniques. The bonded web 90 
can then be fed to a winder 92 for pickup and storage. 

It should be appreciated that in the spunbonding process it is 
desirable to provide fibers which are low shrink during the calendering operation 
Vanous ways of bonding and/or interiocking the fibers include genemlly, chemical 
mechamcal. hydraulic and thermal means. Examples of chemical means include ' 



wo 98/50611 



17 



PCT/US98/08417 



using adhesives or other chemicals to create a bond between the fibers. Examples of 
mechanical operations include needle punching, stitch bonding, and hydro 
entanglement. Examples of thermal bonding include surface melting of the fiber 
through radiant convective conduction or sonic energy sources. Traditional roll 
5 bonding/calendering would be considered a combination of mechanical (pressure) 
and thermal bonding. 

It will be appreciated that while Figures 1 and 2 generally show a 
single extruder, multiple extruders can be used particularly in situations where 
multicomponent fibers are desired. These types of fibers are described in more 

10 detail later in this application. In most anticipated applications, it is believed that 
two extruders will be used to provide separate components in a bicomponent fiber. 
Furthermore, it should be appreciated that when we are talking about blends of 
polymers, the blending can occur within the extruder. Additionally, blending can 
occur prior to introduction of the pellets into the hopper or extruder by fiuther 

15 upstream processing. 

The fibers of the present invention can be prepared on numerous 
types of apparatus. The apparatus can be generally classified into three categories. 
These categories include slow filament velocity, medium filament velocity, and high 
filament velocity. Slow filament velocity generally includes apparatus running at 

20 500-1 ,500 meters per minute. Medium velocity generally includes apparatus run at 
1 ,500 to 2,500 meters per minute. High velocity equipment usually run at greater 
than 2,500 meters per minute, and preferably at greater than 4,000 meters per 
minute. 

It should be appreciated that capillary diameter describes the size of 
25 the orifice size in the spinnerette. The preferred diameter is about 0.2 mm to 1 mm, 
and a more preferred diameter is about 0.3 mm to 0.8 mm for round holes depending 
on capillary throughput. Non-round holes, or profiled holes, may also be used. 
Profiled holes include trilobal, multilobal, crossed, sunflower, hollow, and additional 
examples shown in Figure 4. 
30 Now with reference to Figure 3, an exemplary meltblown process is 

shown. A polymer feed from an extruder is shown at 100. The polymer feed, in 
meh form, passes through die 102 and is entrained by high velocity air 104. The 
high velocity air generally fimctions as a nozzle surrounding melted polymer flowing 
through the die 102 causing the melted polymer to attenuate. Attenuated fibers 106 
35 are then blown away from the surface of the die 108. Secondary cooling medium 
1 10(which can be air, water, or other gas) causes the attenuated fibers to solidify. 
The attenuated fibers 1 12 are then collected on a rotating drum 1 14. 
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ofciystaUization in the fibers. ""meexient 

MTOI>»OIHI)On|.nlai.d IH!|l1r- |nn,.i....tFj l^..^ 

« J"f^'*™'W«°"'»«"=ofl»ta>av concern in this 
Whc«„^ The tjpo of fiber incltKies n«»,ocon,po„ent fibers which are 
bastcally flbets ^anuftcttn^i by extruding a single con^^ -n, 

0 wh,chn«ybennscible,se™„isc,ble,orinnniscibie. In general, the ctoss^cZof 
a_pone„.flberisre,afive.yeonsisten.alonga,el«^ 
may be .rregulanties resulting ftom, among other things, the 

compatibility/incompatibility ofthe components of the composition. However ^ 

fl^™«-«»"do=s„o,p.videthedemarc.tionordisconanuityfo„nTI 
■ « m multtcoinponent fibers. The second type of fiber inc Jes 

mtUtrco,,^ fibers *eh are generally p,^ by cording two or more 
polymer compostttons to to. a single fiber having a. least two component Z 
.hecro,ss.e.„.„fan,„„ic„^^,jt„^„^^^^^_,^ J- 

components along the length of ttte fiber. Fnrthe,nK,r=. the ..laflve proportions of 
the components will be generally constant pomonsol 

Flonda, exemplaty constructions of bicomponent fibers ar. provided As shoL 
m«eare^callyfiveco„m,on.ypesofbicomponen,fibers ^e^in^^I^ 
a»J sheath, side by side, tipped, mic-denier, and mixed fibers. Core aid C 

a., jmp^tantbecausefitecore component canp,„videdesirables^c.J:,p:t^^ 

^e^eathc^mpone^canprovidedesirablep^cess^^ 

colorurg (dyeu^g, „r bonding characterisfics. Tlte sheath and cot. construction can 

^provtded m ^ of those arrangements shown in Figure 4. when the particX 

a.angemen.,sdes.red.hn.anyapp,icadons.itisdesirabletodecreJd.^^^^ 

ofmat^alprovdedinthesheaatwhenitisnotneededforarucuralreasor 
Exemplao- const^cions of the side by side construction ate addifio^UIy shown. 

^stdbys-deconstructionisparficularlyadvantageousforprovidingcrimpingor 
self-cur mg properttes. In this si««ion. one of dte compone^s is mort crimX 
or shrm^able than the other component a, a given crimping temperas... Z 
believed that differences in ctystallinity. glass uansition temperauu*. and amorphous 
onentatton between the diffet^rt components lead to differentia, shrinkageT 
-mpmg of the fiber. It should be app,«:ia.ed that the side by side construction is 
^ivantageous when it is desired to provideafebrichavingasigniflcantdeg^e Of 
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loft. Exemplary types of fabrics could include hygiene and barrier fabrics, filtration, 
packaging materials, and insulation. 

Other less common fiber constructions are additionally shown in 
Figure 4 (fi-om Hills, Inc.). It is expected that the tipped constructions may provide 
5 desired bonding, loft, wicking, texture or comfort features. Furthermore, it is 

believed that the micro-denier construction can provide for self-fibrillation. These 
can provide very thin fibers. It should be understood that other fibrillatable fibers 
can be fibrillated using chemical, thermal, mechanical and hydraulic methods. In 
addition, as shown, the fibers can be mixed and combined in desired proportions to 
1 0 provide advantageous properties. 

C. Shrinkage Generally 

Generally, a property of particular concern in the context of this 
invention is shrinkage. There are generally two types of shrinkage which are of 
primary interest in this application. The first type of shrinkage can be referred to as 

15 fiber shrinkage and is defined as the initial length of fiber minus the length of fiber 
after heat treatment, divided by the initial length of fiber, times 100. The heat 
treatment can be either a boiling water test or a hot aur test. 

The boiling water tests for testmg shrinkage of fibers is described by 
ASTM D21 02-90. When this test is conducted according to the present invention, it 

20 has been modified to provide a boilmg time of between five and six minutes. We 
have found that for polylactide fibers there is generally no appreciable difference 
between shrinkage after five minutes and shrinkage after 15 minutes. The boiling 
water test practiced in accordance with this invention utilized initial fiber lengths of 
about 12 inches. The description of ASTM D2102-90 is incorporated herein by 

25 reference in its entirety. 

The second type of shrinkage can be referred to as fabric shrinkage. 
The shrinkage in the fabric is recorded in the two principle directions, that is, the 
machine direction and the transverse direction. The fabric shrinkage is determined 
and reported as the shrinkage in the machine direction and the shrinkage in the 

30 transverse direction. The values are reported separately for each direction. The 
shrinkage in the machine direction is determined as a percentage by measuring the 
initial machine direction length, subtracting the final machine direction length and 
dividing by the initial machine direction length, then multiplying by 100. The 
shrinkage in the transverse direction is determined similarly. The shrinkage can be 

35 done by either a boiling water test or a hot air test. The boiling water test is 
conducted as described above with respect to the fiber shrinkage tests. That is, 
ASTM test D2 102-90 is practiced with the modification of boiling for five to six 
minutes. 
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material u , ''!'°''^'''''^^'''^^*'<'^i^t-^^v^a, 
matenaJ .s placed m an ovc„ a, a ,en,peratore of M»C or lOOT for one hour I, is 

expcc ed «,a. a,e shrinkage values provided by U.e ho. air us. a„00-C Z^d 

fliantheboilnigwaterttstorthehotairtes.conduc.edallOO°C. 

''""'^"'■'""""""■Po-KnBofaberswillbedisc.medin 
deWmttnsapplioaa™. Tl»fc.„pei„el„dess,ahle.orlowshrinkagrTb^ 

^-"^-•-Uytaveasl^geoflessfl^abou.ao^andgene^^y^^^^^ 
preferabb- kss than abou. 8% when meas,^ accorfing u, fl,e boUing 

less than 5 /.. The reason for ttis is fta. more themally stable fibers provide a 
"-taens,on^,ys.ablep,<,d„c.„rcon,po„e„,ofaprodue.. LsbouldTJ^y 
1 5 be »ders.ood d,a. high shrinkage n..erial3 can be disadvan^geons ,Z 

"coq^rated mto other components such as. diapers, because fte shrinkage »^„ld 
.endtocausetl».Uap.r.odis.ort.,,d«high temperature s.orageconditi™ 

.^ofiowshri^::::':tt!i!;::;.r^^ 

20 Pon^-.- u- u f ^ ^ invenUon is the discovery of 

20 ^o-dmonswh,challoworprovideforthepn,duotionoflowshrm^ 

between he shrinkage properties of the fiber and other paiameteis includmg polymer 
compositions 

addi^ves including nucleating agents, and stress inducing techniques We have 
25 ^l^atlowshrin^agefihersprovidesuperiorproce^^^^^ 
-lendenng operations because it alb^^ 

bonding while retaining web dimensions. 

^^^'^^^^^'^^g^^offiber shrinkage relates to the intended 
application of the fiber. For examole the cal^nHprinr, 
in J ^ ' ^'^'^"^"og operation can resuh in an enH 

30 p™du.Cw,*lessshrinkage.i^,^origina,fiber. TWo«. higher shri^gT 
Hbe. may be tolerated m a ftbric which saSsfles the shrinkage requirement fL a 

paritcular end use application h, od,er words, higher Shrinkage ,iL can Jl:, to 
provde low shnnkage fabrics, although difficulties in calendering may be 

encoimtered. 
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The second type includes high shrinkage fibers. High shrinkage 
fibers will generally exhibit a degree of shrinkage of greater than IQo/o, and 
Feferably greater than IS-Zo. Useful values can be provided as high as 20-80o/o 
High shnnkage values can be provided by running at filament velocities which are 
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below the critical velocity for establishing crystallization. This results in elongation 
and orientation of the fiber, but does not provide the physical crosslinks of 
crystallization to heat stabilize the fiber. Thus, fiber of high shrinkage can be 
obtained. 

5 The extent to which fibers of PLA or PLA-based polymers shrink, 

vfhen exposed to heat, relates to the extent to which the method by which the fibers 
were formed generated a completely relaxed fiber. A preferred process for 
generating a low shrink fiber is to make highly crystallized and stress-relaxed.fiber. 
In addition, shrinkage is affected by the composition of the fiber. Other factors 

1 0 which affect the presence of stress are molecular weight, molecular weight 

distribution, melt temperature for the polymer, draw rate, mass throughput, quench 
rate, orientation and crystallinity. 

An important aspect of the present invention is the ability to control 
shrinkage in order to alter final properties in a given application. Each type of 

1 5 shrinkage may be usefiil, depending on the particular application involved. Herein 
techniques usable to selectively obtain each, as desired, are provided. The ability to 
control shrinkage at desired intermediate levels is also disclosed. Use of 
temperature, velocity, and polymer composition variables such as molecular weight, 
residual lactide, PDI, optical composition, and degree of branching all provide 

20 means of obtaining a desired level of shrinkage, as shown in the various figures and 
examples of this application. 

We have found that, generally, polylactide polymers provided with 
low D-lactide level (and corresponding high L-lactide level) will crystallize at 
lower levels of spin-line stress. Lower levels of D-lactide correspond to levels of 

25 less than about 5% R-lactic acid residues provided either through D-lactide or 

meso-lactide. More preferably, the level of R-lactic acid residues is less than 3%, 
and more preferably less than 1% in otherwise S-lactic acid based polymer. The 
reduction m R-lactic acid residue corresponds with decrease in spin-line stress 
required to induce a similar degree of ciystallization. In addition, low R-lactic acid 

30 polymers can obtain a higher level of crystallinity. The essence of this is to provide 
polylactide polymer having high enantiomeric purity. This can be provided by either 
providing low R-lactic acid residues or low S-lactic acid residues. Although in the 
case of low S-lactic acid residues, the principle component of the polymer may be 
difficult to obtain economically. It is anticipated that higher crystallinity fiber will 

35 provide lower fiber shrinkage and fabric shrinkage. 

It has also been found that a linear polylactide results in lower 
ultimate shrinkage. Ultimate shrinkage is generally characterized as the minimum 
value of shrinkage for any attainable filament velocity. This is described in more 
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po y todepolymerhave been fom,d .o affec, shmkage. Generally. Lis ItoL 
polylaowe p^vides fibers having U,e ,„„e,. .,«„a,e shrimp 
^-^--linldng.end.o..u,nnahigheru,d„,a.esl™^^^^^^ 
5 b^ctag ^ c^sslirtog appear ,„ inoease spin-line sness a, a given .5,^^ 
velo..yand,tetfo,eWaWvc.„ci,,f„r.beo„s=.„fsh.i„k^,^r 

CrvstallfaitHon Generally 

<» be generaU, classified into oateg^ies of amorphons polymers 
.nd„sMMepolyn,ers. ^ fl»P..se«inve«i.„. a polymer eo^po'^^r 
ton 10 ,/g of p„,y„,, ^„ 3^^^ calorimeay^C) 
To deumnne whefcer a polyn,er composiiion layer is semi-«ys«„e 

in a different, scarring calori^erer, such as by M^^l^^^^ 
^«™mg a Ks. Of crysBllinifl. are known ,„ 4o^ «|,ed m .he ar. and « 
.5 ^«ed n, US. Paten.No. 5.536.807 to Gnrber e, al., U,e eonrplet ZZr. 

>^ by reftrence. Under conditions specilc to Ure MymeHe 
-te™lbemgp,^..,3..^„^^,^^^^^^^ P y-^^^ 

-ysWtapoynrer. CrysWlizatton includes ftepocess of sponteneonsly 
orgamzmg polymer chains into an ordenid configuration. 

■^"'°«e««^yn»o^ of mechanisms for i,«lucing 
crysta^hzanon. Hiese include quiescent and strainMnduced. Qmesc«« 
co-s^^lrzaaon is initiated by a source of nucleation. Nucleatton is tte process ta, 
P^vrdes .tes or seeds to promote crys.^ fonnation and gro«h. T^J^Z^ 
°f ;>-"»°n'ba' are Often refen^lceite, homogenous nucleation or 

wMethelattcru,mrti«edbyasecondphaseina,epolymersystem These 
heterogeneous „„lei making up ftta second phase can be impurities residues of 

mcomp.etemeltingorm«leadngagen^.Factorsti«areJ»„toir»r 

-'-^'"V'taUizaUonkineticsan.tempemure.degreeofnucleaUorrr, 
30 backbone structure. 8™ "'"Meation and polymer 

For polylacUde polymers in general, we have found that 
crystalhzation is most rapid at tempe,«ures in the range of 85°C and 115=C In 

general polylactide is a tatirer slow crystallizing polymer. As a result i, is ' 

35 P— o,subse<,uentdr.™ganda,me^ing. For melt spim,i„g operations 

drawratiosof greater U»ntw„areprefe.b,e.ne upper limiton drawer 

provrded so as nottotaeak the fihmentlnge„eral,however,g,cater draw ratios are 
desrred forprovtdmg low shrinkage fiber.. For fibers produced a, high spin 



wo 98/50611 



23 



PCTAJS98/08417 



velocities, which are already highly oriented, a draw ratio of less than 2 may be the 
limit. 

The other mechanism of crystallization is strain-induced 
crystallization which is the result of mechanically aligning the polymer chains in one 
5 or more directions. Molecular orientation of polymers is an important phenomenon 
that strongly affects polymer structure. Degree of ciystallinity is strongly influenced 
by the rate, ratio, and temperature of stretching. For example, the amount of 
crystallinity induced in a PLA fiber during spinning will largely depend on melt 
temperature, filament velocity, R/S ratio of the polymer, throughput, degree and kind 

10 of branching or crosslinkmg, presence of additives, and quench temperature. 

At low filament speeds, the spherulitic structure is expected to 
prevail. In other words, strain induced crystallization is not expected to provide 
significant amounts of crystallization until higher filament speeds are provided. 
Higher filament speeds would gradually replace this structure with an extended 

15 chain crystal structure, resulting from strain-induced orientation and crystallization. 
In some cases, a shish-kebob structure is formed due to lamellar crystal growth 
originating on an extended chain crystal structure. 
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ta. ft.. co-sM.„,^ can be develops! by uA,g a combination of lower „»„ 
tempe«n«s, Mgl,er Btaen. velocides, lugl, ena„So,neric puri„ poller and Id.h 

Iow.ljnnlcfa«,Pos.m.n,»,fc»i„g^^^ 
available, mduding dniwing/awching and annealing. 
^ BirriMi.(fi».r ^ ««"»H lll' 

^'"*^«>"«>">>«™eoflhe difference in reftacUve index 
ae flba. All of Ae follo™g can contribute to the total meast^d birefiingence in a 

amo^ou. polymer. In general, bit^ftingenc. can be measured by a compen:*. 
^ «.n.g a cro. polar microscope in combination ™th a comp^isZT^ 

m«^r«a,d«.onand,h=diameterofthef,berallowi„gforfl,eIlc„,ati„n„f 
b^etogenoe. Basically, bireftingenoe (dimensiodess) is calculated as compTlator 

««*.on(mn)di«dedbylOOOandftather divided by fiber di»^^^ 

because i, hej jf^"^ " ■°«»=">™ for the presem invention 

because ., helps detenmne the total orientation of the sample. Fmfl.en.ore bv 

for the detemnnatton of onentalion of the amotphous Kgion of a polymer 

in.r^ , ^'^r''"''*'*"'*'='"'>"'-^'^''»'«W<!»eformeasurin8an 
m.portan. property of a fiber, it is expected that H can be used durin» fi JT^. 
» allow teclmicians to Itaher con..l the flber spinning pr:lt::ro::t'"°" 
durable fl^ product. As certain examples demonstrate, as the fiber veloc^ 
mereases whde other parameters temain relatively constant the bireffingcnce first 
^thenpassesfltroughamaximumand begins to decrease. AppCh ve 

«r^"^°"°"'^'*^=---*---sicTrr,or 

*nn^agefiberscanheproduc«l.Fibersp™h.eedinfln^ 

hrefhngence w.11 generally have a shrinkage corresponding to the "ultimate- 

s^^. Birefflngence values, maintamed withh. a mnge of about 0.017 to about 

MJ^2«llprov, deaths havingashrinkageoflessthanaboutisr. for fl,epo,.^^ 
ofd,e curve for decreasing birefflngence at increasing velocity. 

flbe.. wthout havtng the birefringence decreasing at increasing velocity 
ftreftrngence values of greater than 0.010 genetally pr«iuce fibers with shrinkage of 
less than ateut 20%. Birefflngence values of greater than about 0.0, 2 gcncmt^ 
produce fibers with shrinkage ofless than about 15%. Birefflngence values of 
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greater than about 0.015 generally produce fibers with the lowest shrmkage with 
values of less than 12% being obtainable* 

Birefringence values of 0.003 - 0.007 are useful for making high 
shrinkage fibers. Fibers with shrinkage of greater than about 40% are readily 
5 produced under those conditions. 

F. Tenacity Generally 

In fiber technology, tenacity is considered a measure of tensile 
strength of a fiber. The measurement of tenacity is particularly important m 
situations where fiber strength is important. Such applications include twines, 

1 0 multifilament threads, partially and fully oriented yams, structural textiles, and 
nowovens. Tenacity is typically measured on a tensile testing machines such as a 
Instron tensile tester. Tenacity will generally depend on extent of orientation and 
crystallinity in the fiber. In applications where high tenacity fibers are desired, it is 
believed that tenacity values of greater than about 1.5 gms/denier should be 

15 provided. More preferable are tenacity values of greater than about 3 gms/denier and 
most preferable greater than about 5 gms / denier. In general, because tenacity 
increases with increasmg orientation, it also mcreases with increased crystallmity. 
Therefore, low shrink fibers will tend to have a higher tenacity. 

While it is generally true that tenacity will increase and shrinkage 

20 decrease as spin-line stress increases, applicants have found that control of the 
optical composition provides a separation of these two effects. In other words, to 
obtain high tenacity, a lower optical purity may be desired. For example, this may 
correlate to a optical purity of between 2% and 4% of R-lactic acid units in order to 
achieve high tenacity. To obtain low shrinkage, optical purities of less than 2% R- 

25 lactic acid residues are desirable, although low shrinkage can be achieved with more 
polymer containmg more than 2% R-lactic acid residues with the appropriate 
application of drawing, annealing, and relaxing of the fiber. 

We expect that polymers with higher levels of R-lactic acid residues 
can be drawn further without excessive crystallization. This higher draw ratio 

30 results in greater tenacity. 

G. Monocomponent Fibers 

As discussed above, monocomponent fibers are fibers manufactured 
by extruding a single composition. The composition may include a single polymer 
or a mixture or blend of two or more polymers as well as other additives. 
35 Monocomponent fibers are often formed via single composition feed. In contrast, 
multicomponent fibers are formed from at least two compositional feeds. The two 
compositions then join and form a single fiber. In most applications where 
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^ .1, . . . '^*'''^°^''''''°"'='**^8«fl''''s>regeneraUy desirable 

isprovntedonapolylaoidebasis. n=at ot Iraon value 

poblactide fibilT, ' ^ 2 of applicado. that for 
polylacttde fibers, filament ciystallimty and orientation have been found m n 

».c«a«»i,b,a,,nc,easei„tak.„p velocity, (bjdec^inm:^^,:^;^'' 
d-ease « „el, n«s ttaongbput; and (d) increase in Molecular wei^flT' 
pol,d«p«s,ty. In addition, i, has been found that bleating of resin t,r*<r • 
molecul,rweigh.bas,«nfoundtono.gene.a,,ypr«,„eer^„^^^ 
U.e,a„geofcondi.i„nsouUinedinExan.ple I. Hov>^. careful ItTnlfW^ 
co^nents combined withintin^en^tingofa^c^np^nen^^^^ 
d,frerent,esults.F„rd,ennore.crossUnkinghasb.enfoL.oreduL^t^ 

peed needed to obtain crystallini^andamajordropiashrinkage bLtJZfin 
higher ulttnae shrinkage at higher spinning speeds. ^e. b« may tesult in 

Unearpolylactidehasbeenfomtdtoprovidethelowestultimate 

^ZTTr'"^- ^'-''^"-^ Voung'smodulusan^a 
stteogth iave been found to increase with tacrease in spimting speed up to a 

"^umvalneandthendeereasesomewi^athigherspinnSg^eel" 
Furthennore. has been found that el™,gad„n-*^break firs, incises with 
P^nntng speed and orientafion. reaches a maximum value and fl»n decreases as the 
aystalhnity and orientation further increase. ^iKisesasthe 

„'"^°'''''''°°^'yl«»fo<»<l'tamelttempeiMureandthemel. 
ttroughput affect the ctystallinity and orien.a«„n of PLA fibe,. v*ich, afiect 
O^sta^ge 0 the fibers. Generally, fibers with shrh^age of less th» a^ 
WUI have cr^talluuty m excess of 20 J/g. To pt^duce fiber. ™,h a shriricage of el 
ta, about 15% will genetally tequire crystallinity in excess of 25 J/g 

'^'""^"""^"Shput.thelowerlhemelttemperaturethelower 
^ veloctty at wbtch shriniagereaches its minimum. When the mel, tempe^T 
held constant the shrinkage teaches its minimum earlier for lower melt thr^ 
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Of course, variations in composition will also affect the results. It is believed that 
molecular weight and molecular microstructure will have significant effects on the 
development of crystallinity, orientation and shrinkage in the melt spun filaments. 

Example 1 was conducted to (a) determine the range of conditions 
5 under which a typical polylactide resin can be spun; and to (b) characterize the 
filaments produced. The example evaluates the shrinkage behavior of the spun 
filaments and evaluating the influence of process variables on the amount of 
shrinkage. 

The purpose of Example 2 is to demonstrate the effect of 

1 0 crosslinking, branching and blend ratio on the amount of shrinkage. Generally, 
crosslinking, branching, and mixmg of different molecular weight PLA affect the 
orientation and crystallinity which in turn affect the shrinkage. At constant mass 
throughput and melt temperature, higher crosslinking contents result in higher 
spinline stress for a given take-up velocity which clearly tends to accelerate the 

15 crystallization process in the spinline. In addition, crosslinking lowers the velocity 
at which shrinkage reaches its minimum, although the lowest achievable shrinkage 
(ultimate shrinkage) is still relatively high. 

Lower branching content (more linear) lowers the ultimate shrinkage. 
In Figure 20, polymer 2g shows the lowest branching content, reached the lowest 

20 shrinkage value of 7%. Thus, higher molecular weight and lower branching content 
is expected to have better shrinkage properties. 

Additional factors which are likely to effect fiber properties include 
the use of nucleating agent and tacticity. It is expected that nucleating agents will 
create crystallization sooner in the spin line. Exemplary types of nucleating agents 

25 are described earlier and are also described in U.S. Patent No. 5,525,706, the entire 
disclosure of which is incorporated herein by reference. It is generally believed that 
nucleation facilitates crystallization. In the case of spinning, it is believed that 
oystallization woxild occur at a higher polymer temperature. In other words, 
crystallization would occur closer to the spumerette. Furthermore, the crystalline 

30 domain size is expected to be smaller in that there would be many more crystalline 
domains. 

An expected advantage of facilitating crystallization at a higher 
polymer temperature is the ability to reduce the quench load. The reason for this is 
that the polymer becomes a solid at a higher temperature. Furthermore, it is 
35 expected that a more uniform draw can be provided by the use of nucleating agents, 
and that the maximum draw ratio would be higher. Generally, it is expected that a 
nucleating agent will provide smaller and more numerous crystals. This is expected 
to result in a broadening of the bonding window, and more uniform die uptake. 
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It is expected that nucleating agents can be used to effect shrinkage 
and thermal stability. It is anticip^^ 

^o.ded at lower fiber velocity. As the level ofD-lactide is in^^^^^ 
5 Zr""^~"^^^^--^-'-----dprovidea^^^^^^ 

^*°'^Polymerproperties.suchasmolecularweighLoptical 
composition, and extent ofbranching or cross linldng affect fiber fo^^^^^^ 

pn,cesses.applicantshave found the following ranges to be generall^^^^^^ 
producinglowshrinkagefibersviamehspinning. TTiese ranL inL ^ ■ 
^ ~ion,throughputof03-3a/^^^^^ 

--o.ooon..i:^::^^^^^^^ 

^ Froviding fjig k shril l, pK..^ 

shrink flbe. taverton addiSo-^lly related ,o fte production of high 

^^ct^^tr""^ ■ '''''""'^'•^"^h.hrinltageflber.™^ 
taefica prop^tes „ „„am t„lica.ion,. G«,«aUy. high shrink polyM,e 
fiber, «„ provde a heat „f «„i<„ value of less than about 25 J/g. and 
« less ^ ahou. 20 With respee. to this. Figure sl^Xical 

^^"^'"'^ Wl shrinkage and fila„„„, or fljvelocity 

^•*™^"^<'"°f"l'«l>«- a fiber is high shrink or low shrink 

^,*P«.ds.p™„heapplicaUo„f„r which i, is intended ,0 be used/h 

«mmappucah„n..afit«.«y be conside,«, low shrink while in other 
apphcations, it may be consideiwl high shrink. 

crystallinitv andT^." " '^^■"^ •» 'ow 

^ ^'''"'''"'""'''^Pi'B^ly with monocomponent fibers it will 

m^component fl^ and i„ pMicular in relation to side by side bicontpone^ 
fibers. He teason for this is that by controlling the „lative shrinkage of 
components in a bicomponen. fiber, i, is possible to control crimping and loft 
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H. Multicomponent Fibers 

The multicomponent fibers of the invention are intended to provide 
advantages for a given application which are not available from monocomponent 
fibers. These advantages may relate product characteristics such as loft, softness, 
5 and bulking properties; processing characteristics such as similar meh temperatures, 
higher filament velocities, and reduction in quench. Secondary benefits may be 
realized by improvements in one or more of these characteristics, for example, 
improved crimp may improve web cohesion thereby resulting in iniproved carding 
and yam processing. Thus, the use of multicomponent fibers provide the ability to 

10 impart multiple desirable properties to compostable or at least partially compostable 
fibers, filaments and fibrous articles. Properties which are either impossible, 
difficult, or xmeconomical to produce in monocomponent fibers can be achieved by 
combining polymers in a structured geometry relative to the filament cross-section. 
The components of the fiber can be selected based upon their individual and 

1 5 complimentary properties, as described herein. 

Multicomponent fibers are generally chamcterized as having a 
structured cross section. In other words, the overall structure or configuration of the 
cross section is relatively consistent along the length of the fiber. In the case of a 
sheath/core fiber, a cross section of the fiber reveals a sheath phase and a core phase. 

20 In the case of as side-by-side multicomponent fiber, the relative proportions of each 
contributing side material is relatively consistent It should be appreciated that each 
of the components of a multicomponent fiber can include a single polymer 
composition or a blend of polymer compositions. In the case of blended polymer 
compositions, the blend can be miscible (single phase), semi-miscible, or 

25 immiscible with discontinuous or co-continuous phases. This is similar to the 
situation discussed above with respect to monocomponent fibers where the 
monocomponent fiber can include a blend of polymers exhibiting a discontinuous or 
cocontinuous phases. 

The most common constructions of multicomponent fibers include 

30 the sheath/core construction and the side-by-side construction. Various hybrids and 
modifications of those two types of constructions can additionally be provided. 
Such constructions can include the names segmented pie, islands-in-sea, and the 
like, and may be described, for example, by Figure 4. 

The multicomponent fiber of the present invention includes at least 

35 one component which is PLA or PLA-based. The applicants have discovered 

numerous advantages to the incorporation of a PLA or PLA-based component in the 
multicomponent fiber. Several of these advantages are discussed below in detail. 
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H fT , u '"^^ Of raulticomponent fibers can be controlled through 
cUfferentral shrnJcage of two PLAs or a lactide polymer having a different 
crysta^luation rate, and/or onset temperature and/or extent and/or crystaUine 

5 ™ow«d'^^^^^^ 

nie strength and bonding of multicomponent fibers can be controUed 
Fore>^ple,sheath^reconfigur.donusingalowermel^^ 
degradablepolj^er sheath component in combination wiAacor.0^ 

The low shitakage feature can be advaaagMus. For ex«nDle 
shea,h-eorecon«^Ho„,.i.ga.heaae„„p„„en,»,eif„b„^':^^ 

«e««. F°'«amp,e.ap<>,y,acddcofhiehe„a„,iomericpuri.ycaBbe„s^a 
.5 U»„,^y ^able, W ahdnkage core and polylactide of lower ena^iome^c pi 

an„,.tons,conldb.„«d .oprovideaftem^lybondable .heath. C^^^^ 

lown»duluaPLA,«haa„neI^g,„™renandome«cp„ri.y.oranor 
^b™e,^™ga.„w™od...canb.p.acedfameco,e.oprovM;afib^ri 

20 ^^p^b^bond-ngandlowMdn^. 0*«P<"y«.ers.s„chaapoi;caproto„neor 
BionolIe™canalsobeusedasa*eath. P«"aaoneor 

The fibrillatabic properties can be adjusted by selection of 
btod^radablc or soluble polymets whose domains dissociate during or after 

~«^«'«atn,ent,a„dp,oducinganJxeddenierornncroah„ua- 

containing structure. 

,^'*8iadabilityofmulti^mponem fibers can be contiolled 
compositional control. "irougn 

30 hioH ^''^""^^''^^'"P^^^^t^^^^^whichdiscloses 

'^=''°"°™8^ = "»"'fP««>"locuments which generally describe 
35 bicomponem fiber fonnalion processes: i«iy oescnbe 

U S. Patent No. 3.595,73 1 ,„ Davies et al.; U.S. Patent No. 3.382.305 to Breen- U S 
Paten.No. 4a.l.816 to B«.lcer et al.; U.S. Patent No. 4,361.609 to Ger.a!re 'al 
U.S. PatentNo. 4,381,335 toOkamotec.,.; U.S. Pa.en.No. 4,420,534 .c Ma.sui"et 
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al.; U.S. Patent No. 4,473,617 to van Leeuwen et al.; U.S. Patent No. 4,477,516 to 
Sugihara et al.; U.S. Patent No. 4,830,904 to Gessner; U.S. Patent No. 5,308,697 to 
Muramoto et al.; U.S. Patent No. 5,336,552 to Strack et al.; and EP0486 934 A2 to 
Yonsuke. The disclosures of these documents are incorporated by reference herein 
5 in their entirety. 

Superiority over prior art will depend upon the specific polymer 
combinations and configurations. It is believed that the general benefit lies in the 
combination of biodegradability and processing properties such as excellent . 
spinning, webforming and bonding in combination with filament and fabric 

10 properties, such as thermal^dimensional stability softness, drape, stability to 
ionizing radiation, strength, elongation, toughness, differential shrinkage, 
fibrillation, and combinations thereof 

In the case of polyolefin/PET or polyolefin/poly olefin bicomponent 
fibers, or other nonbiodegradable bicomponent filaments and fabrics, the obvious 

1 5 advantage is biodegradability in combination with a wide range of commercially 
viable properties. 

In the case of mono-component fiber configurations made fix)m 
biodegradable polymers, the advantages are numerous yet dependent upon the 
specific combination of polymers and their configuration. 

20 Bicomponent biodegradables offer a route to reduced overall use of 

additives, in particular those that affect surface properties, such as, surfactants or 
hydrophobic agents, and pigments (pigment in the sheath, no pigment core). By 
adding the agent to the sheath or outer component, lower levels can be used to 
achieve equivalent performance, 

25 1. Improved Performance Characteristics for Sheath/Core 

Constructions 

PLA and PLA-based compositions can be advantageously used as the 
sheath component in a sheath/core construction. As indicated by examples 5 and 6, 
the use of PLA in the sheath component can result in increased spinning speeds 

30 compared with the use of polyethylene terephthalate or polypropylene as the sheath 
component. In addition, diminished quench requirements can be provided. As a 
result, this reduces the amount of cold air needed to quench the fiber. 

It should be understood that in quench limited processes, it is possible 
to increase throughput by using PLA in the sheath component. In comparison with a 

35 monocompohent of polypropylene, the stick point can be reduced by the use of PLA 
in the sheath layer. As described by example 3, the stick point can be reduced fi"om 
12 inches, in the case of polypropylene, the stick point can be reduced to 8 inches by 
the use of a PLA sheath. 
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As shown by example 3, the substitution of PLA for PET as the 
sheath component with a core composed of polypropylene results in the ability to 

pmat lowercapilla:^ throughputs, thusjower denier filaments can be 
Arou^puts below about 0.6 g/min-cap, the PET-sheath filaments broke at " 

'''''' ^'''^ fi'-ents did 

not bre^at capillary throughputs as lowasO.1 g/min-cap and m^^^^ 
lowasaboutSmicrons. Typically, fine denier includes fiber, under 10 Z^^Z 
preferably under 3 grams per 9000 meters. 

The use of PLA as the core component in a sheath/coi^ construction 
provides several advantages. Generally,whenn^ngtwomorecompon~ 
^Ucomponentfiber^it is desirable to be underaiooc optimum tempera^ 

d^erence between the two polymer compositions. The polymers can be m^tained 
at separate temperatures when they are each in theirown extruder but onc!I?r 
contacted inadie. the temperaturethatmust be m^ntained in the'd^^^^^^^^^ 
temp^requi^bythehighertemperatureprocessingpolymer. Asaresuh the 
lowertemperatu^processing polymer must beheated at thehighertempera^^^ 
^vhach can have adverae effects such as degradation, oxidation, crossl^^ 

210-240 C. Terephthalate-based polyester,in contrast. areoptimallyprocessedat 
.n.peraturesofatleast280oc.Accordingly.when^^^^^^^ 

provided as separate components inamulticomponent fiber, ther.isatleasta40-C 
temperature difference between the ideal processingtemperatures. ?La7 
advantageous as a substitute for polyester(PET) because it provides an optimum 

processmg temperattire of between about 220-230°r H^n^nH- . 
weieht of the PT A Ti,- ' ''^P^^^'^g "Pon the molecular 

weight of the PLA. This optimum temperaUire is much closer to the processing 
temperature of polyolefins. ^ssmg 

A further advantage to processing a polymer composition in tiie core 

^stem^ Tlaus, for quench limited processes, the use of PLA in the core may increase 

throughput. Furthermore, the lower processing temperance in Uie die is e:i^^^ 
mcrease the longevity of ti.e die. A f^er apparent advantage to rJr^^Ter 
temperatiire is reduced energy expense. saiaiower 
It is expected that the use of oriented and crystalline PLA in the core 
layer may enhance tiie thermal stability of the fiber. 

The core is generally the structural part of the fiber. The sheath is 
generally provided for bonding purposes with other fibers. As a result, it may be 
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desirable to provide the sheath component to be as small as possible. Also, the 
sheath component may be advantageous for providing dye properties, abrasion 
resistance, flame retardancy, moisture transport, hydrophilicity, hydrophpbicity, UV 
stability, etc. 

5 It should be clear that a sheath/core construction can be provided with 

PL A as the core component and a different PLA as the sheath component. An 
advantage here is that the entire fiber can be biodegradable. 



3. Side bv Side Multicomponent Construction 
10 The use of the side by side construction can be advantageous when it 

is desired to provide in each of the components with different shrink or crimp rates. 

In the case of a 100% PLA side by side multicomponent construction, 
one component can include a low percentage of D-lactide or meso-lactide and the 
other component can include PLA polymer having a high percentage of D-lactide or 
1 5 meso-lactide. It is expected that the high percent D-lactide or meso-lactide 

polymer would provide more shrinkage when exposed to heat. Another advantage to 
the use of a 100% PLA side by side construction is that the fiber can be considered 
self crimping. 

An exemplary side by side construction can include polypropylene as 
20 one component and PLA as another component. It is expected that this side by side 
construction would be self crimping. PLA, in such a construction, offers an 
advantage over the use of PET because it can be activated at a lower temperature 
than PET. As a result, it may be possible to provide a fabric having equal loft or 
better by the use of PLA at a lower energy cost and at a faster rate. The photos 
25 provided in figures 6(a)-(d) show the crimps in thermally treated fibers. 



L PLA As a Binder Fiber 
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1- PLA: CoPET Substitute: 

Lactide polymers may be used as low cost replacements for 
copolyesters. Copolyesters such as DuPonfs Merge 3991 (40% DM, 0.653IV) and 

f-g«3946(17%DM,0.653IV)orEMS'sGriIeneD1352G(40%IPA).areu3edas 
> cospun filaments with PET or as one component of bi- or multicomponent fiber 
system. In both cases the function of the coPET is to bind the other filaments 
together. 

Filaments usually spun from ihe same spinneret as filaments 
composed of different polymers. While the two of more types of filaments are 
extruded from the same spinneret, each capillary extrudes only one polymer 
composition. In contrast, a bicomponent filament has two of more polymer 
compositions extruded from the same capiUaiy orifice. 
Spunbond: 

Copolyester is cuirently cospun with PET by BBA's Reemay® 
spunbond process. Copolyester filaments are spun together with PET filaments 
The filaments are sufficiently intermingled so that when the cospun web is 
mtroduced to a bonding unit, the lower melting coPET becomes tacky or melts 
resulting m the adhesion of the PET filaments into a coherent web. Loft, strength, 
elongation, drape and numerous other fabric properties are controUed via the 
selection of the appropriate material and processing conditions. 
Yam/TftYfil«.»- 

. In the case of continuous or staple filament yam manufacture, the 
lower melting coPET filaments when combined with other filaments could be used 
to heat set yam twist, or yam bulk or texture after airjet texturization. Upholsteiy 
and carpet yams could conceivably possess unique properties such as resilience 
wear resistance, and hand by selecting die appropriate PLA (melt or bond ' 
temperature determined by %D, MW, MWD. and branching), processing conditions 
and quantity. 

Staple 

^"^^'^^^f^t^Ple fiber, coPET can be spun with other polymers or 
by Itself, then drawn, crimped, and cut to fomi staple. The staple can then be 
blended with other fibers or directly carded into webs to be thermally bonded 
(calender, through-air, steam can, hot air-knife, sonic, IR) to produce nonwoven 
roUstock. Alternately, the fiber can be carded or airiaid, then entagled using any 
number of processes including needle punch or spunlacing. The entangled web can 
then be themially treated to form bonds. One example is that of a trunk-liner used 
m automobiles. Typically needlepunched felts or nonwovens are thermofonned into 
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the shape of an article such as a car trunk. When the substrate is cooled to below 
that of the softening point of the adhesive polymer, the article then retains the shape 
of the mold. 

Wetlaid: 

5 In the case of chopped or cut fiber, coPET can be spun with other 

polymers or by itself, then drawn and cut so that the fiber is suitable for wetlaid 
(paper making) processes. The synthetic fiber acts not only as a reinforcement for 
the cellulosic substrate, but also acts as a binder - adding stiffiiess, reducing lint and 
the like. 

10 Meltblown: 

Copolyester could be "co-blown" with PET, PBT or other polyesters 
or polymers. The idea would be to provide a lower melting bonding agent in with 
the matrix polymer. By controlling the ratio of the copolyester with the matrix 
polymer a range of desireable properties might be achieved. Sufficient coPET would 

15 enable lamination of the meltblown web with additional webs to form laminates and 
composite structures. Most spunbound-meltblown-spunbond structures utilize 
calendering to effect bonding. With sufficient coPET in the meltblown and/or 
spunbond, the entire structure could be consolidated using through-air or steam-can 
bonding, providing a barrier structure with greater loft, filter capacity, comfort, 

20 breathability, strength, elongation and drape, to name a few. 
B, Bicomponent; 

In contrast to cospun filaments, coPET can be used as one of the 
components in bi- or multicompenent fibers and articles made from them. Having 
the adhesive polymer present continuously along the surface of the filament and 

25 supported by other components in that filament can be an advantage over the 
traditional binder fiber or cospun approach. While the approach is different, the 
end-uses are very similar. Freudenberg, Hoechst and others produce nonwovens 
firom bicomponent fibers composed of PET and coPET. Bicomponent fibers can 
also be used in Yam and textile products, airlaid, carded or wetlaid nonwoven 

30 products, or spunbond and meltblown products. The fibers or webs described above 
can also be used in combination with any number of other substrates to form novel 
laminates and composite structrues. 



SUBSTITUTE SHEET (RULE 26) 



wo 98/50611 

3g PCT/US98/08417 

C. Bi nder Fihpr> 

. . f''™^'''y'°'=°^P""°^bi- or multicomponent fibers, binder fibers 
be produced alone fro. coPET, and subsequenUy blended or co^^^^ 
fibersorsubstratestoserveasabinder. Binder fibers can also be used in Yam and 
5 ^^ep.ducts,airIaid.cardedorwe^^^^ Thefiberso'et 

de^cnbedabovecanalsobeu^ineombinationwithanynumberofother 
substrates to fonn novel laminates and composite structures. 

One use of coPET binder fibers is to adhere airlaid pulp fibers into a 
coherent mat that is used for insulation. 
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IIL Uses Of Materials 

The materials and techniques described herein can be used to 
manufacture a very wide variety of nonwoven fabrics, for use in an even wider 
variety of products. It is an advantage that materials described herein can be 
5 converted into fabrics by a variety of fabric manufacturing techniques. As a result, 
the preferred materials can be incorporated, to advantage, in many fabrics and many 
final products. 

In general, nonwoven fabrics using materials described herein can be 
prepared using any of the three following general techniques for preparing 
10 nonwovens: textile manufacturing techniques; paper manufacturing techniques; and 
extrusion manxifacturing methods. In addition, hybrid or combination methods can 
be used. 

In general, textile technology or systems include gameting, carding, 
and aerodynamic forming of fiber into preferentially oriented webs. Fabrics 

1 5 produced by these systems generally comprise dry laid nonwovens. The fabrics or 
fiber structures are made with machmery used in the staple fiber industry, which 
manipulate preformed fibers in the dry state. Textile technology also includes 
structures formed firom a tow of fibers and fabrics composed of staple fibers bonded 
by stitching filaments or yams. 

20 In general, paper type processes include dry laid techniques and 

modified wetlaid techniques designed to accommodate fibers longer than wood 
pulps and different from cellulose. These fabrics (drylaid or wetlaid nonwovens) are 
manufactured with the machinery fi-om the pulp fiberizing industry (hammer mills) 
and the paper forming industry (slurry pumping onto screens). Such equipment is 

25 generally designed to manipulate relatively short fibers that are suspended in fluids. 
The extrusion technology methods or systems include spun bond 
techniques, melt blown and porous film systems. Such fabrics include spun bonded, 
melt blown, textured and apertured films. These are sometimes referred to 
generically as "polymer laid" fabrics or nonwovens. The fabrics are produced with 

30 machinery associated with polymer extrusion (fiber spinning, film casting or 
extrusion coating). 

In general, regardless of the technology used to prepare the fabric, the 
principal variables in manufacturing concem: fiber selection and preparation; web 
formation; web consolidation (bonding); and finishing. 

35 Web formation techniques were generally discussed above. Fiber 

selection is discussed elsewhere herein, when preferred compositions are described. 
Web consolidation or bonding is the process by which the fibers or fibrous materials 
are interlocked to provide the integrity or strength of the fabric structure. Various 
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che^cai,, bonded, ^i„b„„aed.,a.«bo„d=d.p„„/erbo„d=d^;^^ 
« ^P-y bonded, fo™ bonded. fi.fted,d,e™u bonded p„^ 
5 "<*-.«c.Uy«,dedorbondeda,rangeMe„.s. Tie. various 
u«d acceding ,0 a. p^^en, dMosme. advan 

d™.w( ■ ,.'*!T^°'*^*''°8"'"«'«*«i»g'l'«fabric.othewidth 

dea«i,™Kl^U,e6briom™U«™„ro«»n«sep„«n,i.intof„r 

J^P-^^o-^a-itreadng to fiWosuAce. if desired. «tech^^^^ 
10 mechanically to achieve desired properties. 

The following table, incorporated ftom "Nonwoven Fabric Primer 

andReferen«Sa„,p,er^lnda.Aas„ciadonoftheNo„»„ve„Fabric.*^9« 
-n.es to thr^ basic manufacturing systems, types of fiber .^^^^ 
preparariontKedm each, web fomiation techniques used in each™..,. ,j • 
'S -^^-.a.eac,and«„ishing.echni,„:s„sed-lT-~'^°" 
appl^attons. NUterials according ,„ to present invention, as described herein, can 
be mcoiporatedtnto these various systems to advantage. '•^•^•^ 
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i„.„„, , . ■ " "^'^ ""'^ l™"-"'. then 

ffl«aUon m«ba; adsorbent media such as wipes and medical d,«sings; various w« 
ofo^ons or such as used in ttc W taishings i«, J« 

blanker, ca^ bacldng. draper. „^ ^ 

or apparel In «.ese .««s of p^duots, often durability, dimension^' stab 

res,he,«,loftandsnnilarph,sicaIp„,pcrtiesoffl,ctextilea..in,p„rtant 

In some Industries, a key performance characteristic desired in the 
— textileisope^^^^ 

such mdusmcs ,„ addidon to properties as a fluid barrier, properties alloXfer 
stenltzationofthe substrate may be Important auowmgfor 

„.df»- . ^"'^^'**""'='™""'°<'™='=^'™ybetaportant»henthe 
medta ts used as part of an adsori,e„t (or absorbent) construction, for ^tamplTto 
surround an adsorbent (or absorbent). e«»nipie,to 

.. • . 7*™ ^ ' ">ver stock, pmpertics such as strennh 

heat shrmk tendencies, porosity and ^eabffity are of greatest importance 

''»l«''n»P-°«ssing can also be used to make a vvide variety of 
P-dumofflben^accordrngtothept^emdlsclosure. As with textile tl 
processus in paper type ptccessing, ptrfonned <ib«, are genetaU, applfed by the 

but drylatd processtng . possible. Variations to achieve desirable wet strenga, 
*_ stabiii^ absorbcncy (or absorbency, and 1„« can be accommol^ 
wth the techmqucs describ«l herein Products flu. can be made using such 
I»»cessmg n^ludc. for example, substitutes for cellulose flber or pap« materials in 
produc^^ as: tea bags; surgical d.pes; air flluatio. medi. alL. tott L 
Wipes, and as components in apparel. 

fibers 6om the matenals descnbed herein. These techniques will be particularly 

^portantrnfornnngavariety of flash spun, spun bond ormelt blown product/ 
"se products mcorporating such maumals would include: protecdveclling. 
geotexnles cover stocks; filtration media; roofing components; ca,p« bactatgs- and 
flutd adsorbent (or absorbent). For example, a cover stock mightrsurrounlg 
^orbents m such materials as diapers, adult incontinent products, and oil adsoLt 
pad^ and femmme hyg,en. products. The cover stock may be used in dryer sheets to 
enclose die active ingredients. <»yer sneets to 
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The various perfonnance characteristics to be obtained for such 
materials of course turn on the end use. Generally such properties as strength, 
porosity, and dimensional stability will be the principal characteristic of interest. 

Hybrid or combination systems allow for the combination of two or 
5 more manufacturing systems to produce specialized structures. For example, 
material such as powders or granules may be mcoiporated into the fiber matrix. A 
fabric can be made by febric/sheet combining to achieve desirable properties of both, 
in a laminate. For example, a laminated system of melt blown fibers and spun.bound 
fibers may be constructed in order to take advantage of: the relatively high strength 
10 of the spun bond fabric and the barrier or absorption properties of the melt blown 
fabric. 

Hybrid processes, or combination processes, will be applied in a 
variety of ways. For example, film-nonwoven fiber laminates may be useable as 
surgical drape, due to adsorbent barrier properties of the nonwoven material, or as 
1 5 diaper backsheet where the fihn provides a liquid barrier and the nonwoven provides 
textile like aesthetics. A double-sided lanunate, comprising one media for 
absorbency characteristics and another for containment characteristics might be used 
as a wound dressing. 

An SMS combmation (spun bond-melt blown-spun bond) could be 
used in medical apparel as a fluid barrier or a bacterial barrier. This application 
would be used with the spun bond layers providing strength and integrity and the 
meh blown layer providing for some desired level of protection or barrier properties. 

The materials can also be incorporated into elastic laminates, in order 
to provide improved fit and comfort to such articles as diapers, face masks, or clean 
room garments. 

In many of the applications described above, dimensional stability 
over a range of temperatures will be a desired characteristic of the nonwoven 
material. Techniques described herein in order to obtam low heat shrinkage can be 
applied to form fibers used in the various material forming techniques described 
above. 

Loft characteristics are important in many of the products described 
above. Loft can be improved by techniques described herein relatmg, for example, 
to: use of heat shrink characteristics to generate crimp, especially in multi- 
component systems; or, propensity for mechanically induced crimping. For 
example, formulations of polylactide which will self-crimp upon application to heat, 
can be employed in fabrics in which high loft is desired, to advantage. 

When strength characteristics are important, control of crystallinity or 
optical composition will typically be desired. In this manner, tenacity for the final 



wo 98/50611 „^„.o- 

^2 PCT/US98/084I7 

product or individual fiber., can be provided at desirable levels. When absorbency 
(or adsorbency) is important, generally such factors as fiber surface area i„ the 
_n and surface finish are important. TT.e general techniques described herein 
can be applied with respect to this variable. 
5 Filtration properties of a nonwoven typically relate to fiber size 

surface area and media porosity, among other factors. The techniques described can 
be used m a vanety of applications to faciUtate filtration applications. 

EXAMPLES 
10 „ 

Example 1 

A polylactide composition xvas pnjvided having a nmnber average 
molecular weight of 93,000, weight average molecular weight of 212 000 a 
polydispe^ity index of 2.28, 0.9% D-lactide. Mz of 369,000, Mz-f 1 ;f 562 000 

Mz^wofi.74,0.7o/oresiduallactide.and2.3o/ooligomers. THe polylacSe 
15 composition was meh spun. 

Spimiing was carried out using a Fome extruder. Fiber was taken ud 

mtwo ways:(a)usinganairdrag drawdown device and (b)usingawindrrte 
winder was used for spuming speeds less than 1500 m/mm in the case of the 
systematic experiments described below. AH experiments used a four-hole 
20 spmneret. take-up velocities were calculated from the continuity equation and 
the measured values of mass throughput and final filament diameter. Density was 
estmiated from values of the crystaUine and amorphous densities reported in the 
h^jrature and measured ciystallinity. The crystalline and amorphous densities of 
Pol3^actidehavebeenreportedasl.290andl.248g/cm\respectively SeeEW 
.5 I'^^^l^^r Hj.sterzetandG.Wegner,Kolloid-Z.U.Z.PoIymers.251,980(1973) A 
^geofextrusiontempeiatures and mass throughputs were used TTieseare 
descnbed in the results. It is important to note, however, that the indicated mass 
throughputs are the total of all four filaments spun. The filaments were spun into 
ambient, static ah, this is a less severe quench than is likely in any commercial 
0 process. Spinline length was approximately 3 m. Samples were collected and stored 
in plastic bags with a desiccant to mamtam dry conditions prior to fiirther testing 

The boiling water shrinkage of the filaments was measured according 
to the procedure discussed above. 

5 2000/^^ F f by DSC technique at a heating mte of 

20 C/mm. Following the Tg "peak" a "cold" ciystallization is observed if the 
sample is not highly crystalline when introduced into the DSC This "cold" 
crystallization is observed as a small exothermic peak or dip in the curve All 
crystals, including those that were present in the initial sample and those that formed 
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in the DSC during the "cold" crystallization, are then melted in the vicinity of 
165°C. Therefore, the crystallinity of the fiber before heating is the total 
crystallinity, measured by the melting endotherm, minus the crystallinity developed 
m the DSC during the heating process. The latter is measured by the "cold" 
5 crystallization exotherm. It is also notable that some DSC curves show two melting 
peaks. The origm of these peaks is not yet known. 

Birefringence was used as a measure of molecular orientation. This 
measurement was carried out using a four order Berek compensator and an Olympus 
optical microscope. 

10 Variation of Extrusion Temperature. Mas s Throughput and Take-Up 

Velocity 

The first series of spinning experiments provided a broad range of 
extrusion temperatures, mass throughputs and take-up velocities. This resulted in a 
wide range of final filament diameters as illustrated m Figure 7. 

1 5 The crystallinity, birefiingence and boiling water shrinkage of these 

filaments are given in Figures 8, 9 and 1 0, respectively. Figure 8 shows that the 
crystallinity developed in the filaments is a strong fimction of each of the piDcess 
variables studied. For example, spinning at 235**C with a mass throughput (mtp) of 
6.34 g/min requires a take-up velocity in the neighborhood of 1500 m/min before 

20 substantial crystallinity is developed in the filaments. Spinning at lower mass 
throughput or lower temperature produces substantial crystallinity at much lower 
take-up velocities. Lower extrusion temperatures result in higher spinline stress for 
a given take-up velocity which clearly tends to accelerate the crystallization process 
in the spinline. Lower mass throughput also increases spinline stress. In the present 

25 experiments, lower spinning speeds also mean larger filament diameters and slower 
cooling rates. Thus, one might surmise that the filament remains in the 
crystallization temperature range longer, a fact which should result in higher 
crystallinity. The results indicate that the enhancement of the crystallization rate due 
to the increase in stress is much more significant, generally, than the effect of 

30 changing the cooling rate. 

Figure 9 shows that birefiingence (and orientation) tends to increase 
with take-up velocity as expected. Further, higher bu-efiingence tends to correlate 
with higher crystallinity. 

The shrinkage results of Figure 10 show that low shrinkage can be 

35 achieved at low take-up velocities and low melt temperatures. However, these 

values were obtained at a cost of high pressure drop, sometimes exceeding 65 psi, in 
the drawdown device. Under these conditions, it was not possible to prepare small 
diameter filaments; thus, such filaments are not likely to be commercially feasible or 
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to be ^ for ^unbonded p^ducB. r„ addiflo., i, c» be observed that at oonaaK 

244) exhibit higher shrinkage. '""tii» 

5 - ■ ,.'^°'"^°'"«*=l"='™'^'«"l«<tescribed above. tfB range of 
5 ^"""•■'■cm^sna.row^.oincludecondidonsfl^.nnghtbehoseTa 
paeh^drndtsptaingorspunbondingprocess. Figu.^ „. ,3 Zt^ 

^»ut,bire«,^en,.^«^^^^^^ J^^^^^^ 

»«^ghp». o Z95 g/n» (0.74 g^in per hole) and duee differem spinning 
ten.pen«i„«. ban oases d»dau cover a significantrange of spinidngs^ Ata 
.0 PJ««8^,ci>sta,,imtyandbi,effingencei.c«asesld.^t^ 
extrusion temperatii^. Shrinkage exhibits a maxtaun, in the oorv. a, W 
spinning speeds caused by the compensating effects of increased an»,ph„,is 
— n (which increases shrinkage) and increased crystallinity (wMch stabUizes 

""'°*<*»"»°»tethattheupperIiraitofspfnningspeedforeach 
m , , n and i3 lepresents the take-up veioci^ abovt 11 1 

fitaen« begn, to break in the spinline and below which die filaments are readily 

m C.eariy.d,is,ippercri«calspinnmgspeL 
20 ■^■^".thnKreaseofspinningtemperah^atconstantmassthroughpa 
'''8"^HI5andl6showfl,eefifectofchangingthemass ■ 
thmughpu, a, constant exlnision temperanire of 233-C. Higher mass thn«»hp« 
d^ly sh.«s the region of higher ciysrallinity and orientation and lower I^e to 

Increasing tte mass throughput increase the filament 
*-««-»S.ve.'ak.-„pveloci^. Hus decrease stresses on fl« filament which 
m turn, decreases the ciystallinity and orientation. 

Hie ciystallinity and biieftingence curves of Figures 11 12 14 and 
.5exl.bitmaxm,.asa«inction„f.ake-upve,c«i^.T^erea^„f„rU^cL',,^i^^ 
--'^^^lyc'-a.present.bu.wenotediata.velocitiesMgher.hanlr^^ 
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provided in Table 1. 



Example 2 

Eight compositions were tested. 

A summary of polylactide compositions used in this example is 
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Table 1 



Material # 


Description 


Mn 


Mw 


PDI 


Mz 


2a 


0.35% ESO 


93,100 


212 000 


2 28 


269,000 


2b 


0.35% ESO 


105,000 


212,000 


2.02 


363,000 


2c 


0.35% ESO 


75,000 


148,000 


1.97 


251,000 


2g 


No ESO 


97,600 


199,000 


2.04 


353,000 


2h 


EsoLAC 


78,400 


234,000 


2.99 


468,000 


2d* 


w/ Tartaric acid 


68,800 


142,000 


2.06 


244,000 


2e 


2d +0.05% 


76,800 


182,000 


2.37 


390,000 




peroxide 








2f 


2d + 0.1% 


76,100 


203,000 


2.66 


501,000 




peroxide 









Material # 


MZ+1 


Mz/Mn 


Oligomers 
(%) 


% Residual 
Lactide 


%R 


2a 


562,000 


2.9 


2.3 




0.9 


2b 


549,000 


3.5 


0.9 


0.88 


1.2 


2c 


379,000 


3.3 


0.8 


0.55 


1.0 


2g 


575,000 


3.6 


0.9 


0.68 


1.3 


2h 


731,000 


6.0 


1.9 


0.73 


1.0 


2d* 


372,000 


3.5 


1.3 


0.46 


1.1 


2e 


703,000 


5.1 


0.8 


0.43 


1.1 


2f 


968,000 


6.6 


0.9 


0.42 


1.1 



5 



* Composition 2d with tartaric acid was the base polymer used to make peroxide 
blend compositions 2e and 2f. 
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. H low molecular weight PLA^vere 

conducted with difiFerent blend ratios. 

st„d,V^ ,^.'^'^''^'^°^°^''°'"P°^itions(2a,2b,and2c)werepreviously- 
studied and discussed in example 1 . previously 

'^^'^°°^«tWofcompositions (2d, 2e, and 2f) include 
polylacudehavingdifferent amounts of crossl^^^ 

P-P-dfromcomposition2dbytreatmentwith0.05o/oand0.1o/.peroxit 
10 i^pectively. Evidence of crosslinking is based on the rise in M.M^^SMn 
which are reported in Table 1. The third set of resins f2. 

thnt/ijffl.,- u " ^'"^ ^^8» 2h) contams two polvmere 

should b. a mo« 1^ pla p„,y„e. 2a. 2b. and 2c. Polymer zltT'l 

*7'P°'J™--«'e«i„gaaWda.orc„mp,sedofepoxidlJs„Zn"«^ 
15 has been reacted with lactic acid. '^oyoean on which 

Spinning Proccdn^ a 

calculation was earned out using He Fome extrader 
descnWmexatnplel. ™= extn^ion t«„pe,a«ue was 233^ and 
'^""ehpu. was about 2.85 g/min. It is in.p«.a.„„.„te,fc„«,„™^. 
!« -stb^ugbputsa^tbetotalfotallfourtita^tsspun: Cru^TjT^"' 

Effect of r.-«cfffHifjnj. 

5 isdearthatPrlofi '^"!*"'''"°''""''°*^«°"*'~<'f*ri^- « 
B Clear ttat PLA (2f), which was ttcated with O.lo/.pe,oxide and had the hioJt 

amount 0 ct^li^. ^ ^ ^ take-up vld^m It 

*e fiber the lower the velocity it takes to reach the 'dtimate- or „u„i„^ * 
shruAage. Note. also, that flus value, about 15%. is higher than for t^^„, 
> !rf;,^,'°'«"8«^"^--glion,the.uelt.itwas„o«ce 

~r::r — ^.-Unkbtgr^tbe 

o.-, . o >• °'1»'>™« "">P»«I to previously studied resins 

(2a ^dpouteesting results ate obse^ed. Fig. 18. FirsUy. (2d) has sin^l^ 
shnriungresultstoCJc, According to Table 1 these .„„ polyler^ CsMar 
mol^ular wetghts and molecular weight distribuhons. Even Utough it is noT 
»ndu«ve*eresu,,sshowfl.,,beshd„kagecu,veof(2d)issliily,o 
totCiClttsexpectedthatthisisdue to .he slightly higher vduroLltr 
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weight and polydispersity of (2d) when compared to the values of (2c). Secondly, 
(2f) develops a plateau of minimum shrinkage of about 15% , slightly higher than 
that of (2a) and (2c). We have observed during meh spinning of the fibers that 
crosslinking raised the viscosity of the melt which in turn increased the orientation 
5 of the molecules. The improvement in shrinkage properties due to crosslinking, to 
our knowledge, is due to the increase of viscosity vMch results in a higher molecular 
orientation and crystallization at a higher velocity. However, the crosslinked 
molecules should exhibit lower final crystallinity and hence relatively higher 
shrinkage than the non-crosslinked molecules. 

10 Effect of Branching 

Two samples were supplied with different amount of branching. The 
PL A 2h has higher degree of branching than 2g. According to Fig. 19 2g has 
developed higher birefiringence than 2h and hence, higher fiber orientation and 
crystallinity. More Imear chains are easier to orient and crystallize than branched 

1 5 ones. Thus, branching decrease molecular orientation and rate of crystallization for 
PLA. 

The shrinkage results of 2g and 2h are presented in Fig.20. It 
is clear that 2g exhibits lower shrinkage over the whole speed range. In addition it 
develops lower minimum shrinkage of about 7%. It is worth noting also that when 

20 comparing the two first data points which were taken fi-om the spinneret without 

further drawdown, their shrinkage corresponded to the lowest attainable shrinkage at 
higher velocities. This fact suggests that there is a limiting shrinkage factor, that is 
controlled by molecular architectures, below which the amount of crystallinity has 
no control over it. 

25 Effect of Blend Ratio 

Two polymers with different molecular weights were mixed as pellets 
wdth different proportions varying fi-om 25, 50, and 75%. The birefi-ingence of the 
fibers of these samples are presented in Fig. 21. Accordingly, the birefiingence of 
the mixtures all reside close to that of the low molecular weight sample (2c). 

30 The idea behind mixing two polymers v^dth different molecular 

weights is to improve the shrinkage properties. In performing this study we were 
hoping that better shrinkage properties would prevail for the mixture of low and high 
molecular weight samples. We were expectmg that when small amount of high 
molecular weight sample is mixed with the low molecular weight sample, high 

35 molecular weight molecules will have more orientation and hence improve 

crystallinity which in turn would lower the shrinkage. However, the opposite of 
what we hoped for occurred. In fact, according to Fig.22 all mixtures have higher 
shrinkage than the lowest molecular weight sample 2c. 
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Example 1 

69 0m HA. '^f!i'^''*^''"''P°'^'"^^(^"emLot/Box515-710,v^^ 
oy,000 and Mw: 146 000 anH i ':>o/ d\ i . , » an ivm. 

Mn~35) in a d, Jl, 1 ""^ Polypropylene (Montell, 

0.1 lyD «™ ns«l to oonvey. n,el, and ex,„,de peUets. Screw ^eed »a. Il,ed 

'^■~«'^»'P--^«*=™.r,n«,.,heme,erpnn,p PnTjr 
^^eadjusredtoprodneeO.. g/nur^cpUta,, ^ 1.2 g/n,in/i,^ 
con,po„en, ra,... and 0.1 g«.oapi>tay ^ 0.9 g/n^capffla,,! ™ 
^o.„„s, because of n„^pnn^«^„^ 

wrtt, 288 capUlancs was used wift each capilla^. measuring 0.35 nun FulZ 
were „ and a„en„aW using a L„^i-^,e at aspirLnn deTce ^ 
..pu.Uo„dev,cewasse„oacons,a„,ai,p„s^o„„,,,Pi,^^^-J^"' 
ooU^ed a. each ttuoughpu. in 0.1 g/„i„ i„«. labeled and bagtedTdck 

pon^t^sn^ a. each taughput suck poin. was receded asTdi^L 
rnch^ftomtospinnere. wl»„fl,an,en,s sack roasuinless steeled sS^^ 

Sticking was prevented. "u mc sunace, 

Sheath-core bicomponents were also made using PET as the snrfe.. 
component (Wellman, 0.64 IV) withaPP core and the 50/50 30/7^^^^^ 

torce at 80 psi. Samples were labeled and carefiUly bagged. 

sheath u- ^"^'^ ^ "^'^ P"'"^ PP^P' PLA/PP and PET/PP 

polymerO. With PLA on the surfece, sticking is prevented. Table 2 demonstrates 

^-dvantage to usmgPLA on the surface of polypropylene, but also shows^ 
dramatic performance advantage of using PLA instead of PET Th. r, 7 

prd.d.,.ePEX.Pp„v...successLdraCfr™:^^^^^ 

Sens,v,,y,„d.wdown,a,e«,airgunp,essureno,„nlylinu«d„U8h,lL 
overaU projlucuon ■a.es, bu. linu« d,e uitoate fitoentdian^tatad 

dt^ Lower ft^ughpu^ with high draw 6^ fo^ finer filamen. 
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Table 2. Stick Points measured in inches for 50:50 Sheath-Core Bicomponents at 
80psi. 



Throughput 

IKflllUl/flQlCj 


High Quench 


Medium Quench 


Low Quench 1 




PP/PP 


PLA/P 
P 


PET/PP 


PP/PP 


PLA/PP 


PET/PP 


PP/PP 


PLA/P 
P 


PET/PP 


0.) 


breaks 


breaks 


breaks 


breaks 


breaks 


breaks 


breaks 


2 


breaks 


0^ 


breaks 


3 


breaks 


7 


4 


breaks 


21 


4 


breaks 


0.3 


5 


3 


breaks 


11 


5 


breaks 


sticking 


5 


breaks 


0.4 


7 


6 


breaks 


13 


6 


breaks 


sticking 


7 


breaks 


0.5 


9 


6 


breaks 


13 


7 


breaks 


sticking 


8 


breaks 


0.6 


11 


7 


breaks 


20 


7 


7 


sticking 


10 


6 


0.7 


12 


8 


3 


sticking 


6 


7 


sticking 


10 


7 


0.8 


13 


9 


5 


sticking 


10 


8 


sticking 


12 


8 


0.9 


14 


9 


6 


sticking 


13 


8 


sticking 


13 


8 


1 


17 


9 


6 


sticking 


13 


9 


sticking 


17 


9 


I.l 


17 


10 


7 


sticking 


15 


9 


sticking 


17 


11 


1.2 


17 


12 


7 


sticking . 


18 


10 


sticking 


20 


11 



15 



20 



10 



This example shows that using PLA as a renewable and/or 
degradable-containing component of a multicomponent system offers, in addition to 
its inherent degradability, improved spinning behavior relative to conventional 
polyester/polyolefin systems. 

Tables 3 & 4 list the filament diameters for each sheath-core 
bicomponent system: PP/PP, PLA/PP and PET/PP in respective ratios of 50/50 and 
30/70. Break speed is defined to be the throughput where filaments under a constant 
draw down force continually snap and break off. Continual breaks force 
inconsistencies in the spin-line preventing sample collection. In a production 
setting breaks in the spin-line will prevent acceptable web formation. 

Table 3 displays the advantages to using PLA. Ultimate denier possible 
without breaks or sticking is better than PP/PP. And with PLA, fmer denier per 
filament (dpf) at lower speeds than possible for PET/PP. 

Filament breaks indicate spm-line sensitivity to draw down rate or air 
gun pressure which not only limits throughput and overall production rates, but 
greatly reduces filament diameter control. Lower throughputs and moderate to high 
draw down rates typically yield finer denier filaments required by some applications. 
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MU. Filament Diameters (microns) for Sheath-Core PP/PP PL A/PP «„h 
PET/PPBicomponents ma 50/50 Weight Basis Ratio 




Filament Diameters (microns) for Sheath-Core PP/PP pt a/pp . 
PET/PP Bicomponents in a 30/70 Weight Basis Ratio ^^^^ 




This example shows that using PLA as the surface component with a 
polyolefm core provides finer spun denier filaments th«n n, "''"P^"^"^ a 
and/orPET/PPmuIticomponente. ^'"""^^ ™°—Ponent PP/PP 



Examp le 4 

To demonstrate the self-fibrillatable nature of PLA/PP side-hv-,iH. 
components, a photomicrograph was taken Photom.Vr. s.de-by-side 
r^Uo f\jf .• ^"wasiaKen. i'notomicrographs were taken at TPC 

an s, Incoiporated, located in Wea Melbourne, Florida. 

"''^"»"h=n«l>^cal preparation ofthe slide for these 
paraeuhr abe„ was enough .0 separate the two contponents of a^fibers 

Ftgute «(b) shows a s,de by side (30/70) PET/pp bicomponent fiber; Figure 6(d) 



wo 98/50611 



51 



PCT/US98/08417 



shows a side by side (30/70) PET/pp bicomponent fiber; Figure 6(c) shows a (30/70) 
PLA/pp bicomponent; and Figure 6(d) shows a side by side (30/70) PLA/pp 
bicomponent fiber. 

These fibers were spun using a polylactic acid polymer (Cargill 
5 Lot/Box 515-710) configured in a side-by-side bicomponent system with 
polypropylene (Montell, MFI-35) m a 50:50 ratio. Each polymer was extruded 
separately with a final melt temperature of 230C. Throughput was 1.0 
g/min/capillary with a total throughput of 288 g/min. Filaments were quenched and 
attenuated using a slot die. Samples were carefully collected, labeled and bagged. 
10 This example shows that a bicomponent system with PLA/PP, or 

other polymer having low mutual affinity for PLA, configured side by side, or 
tipped, or multilobal, but not limited to, to provide a self-fibrillatmg, degradable- 
containing microfilament. 

15 Example 5 

To demonstrate higher spuming rates of PLA/PP side-by-side 
bicomponents, an experiment was designed to examine a polylactic acid polymer 
(Cargill Lot/Box: 515-710, ^proximately Mn: 69,000 / Mw: 146,000 and 1.2% R) 
combined with polypropylene (Montell, MFI: 35) in a 50:50 and 30:70 weight basis 

20 ratio into sheath-core configuration. Both PLA and PP were extruded at a final melt 
temperature of 230*'C. Pump speeds were adjusted to deliver 0.8 g/min/capillary, for 
a total of 230.4 g/min. Filaments were quenched and attenuated with a Lurgi-style 
air aspiration device. Air draw forces between 20 and 1 10 psi were applied. 
Samples were collected at 10 psi increments and labeled. Table 5 depicts the 

25 calculated filament velocities for PP/PP, PLA/PP and PET/PP at each draw down 
rate. Finer filament diameters correspond to higher filament velocities. 

Table 5 . Filament Velocities for PP/PP, PLA/PP and PET/PP Side-by-Side 
Bicomponents at 0.8g/min/capillar and Varying Draw Down Rates 



Air Pressure 
(psi) 


PP/PP 

50:i5O 30:70 


PLA/PP 
50:50 30:70 


PET/PP 
50:50 30:70 


20 


599 


596 


354 


394 


402 


527 


30 


1,249 


1,507 


590 


656 


734 


345 


40 


1,330 


1,507 


1,240 


961 


1,139 


657 


50 


1,760 


1,748 


1,601 


1,279 


1,119 


1,012 


60 


1,973 


2.271 


3,491 


1,707 


1,220 


1,404 


70 


2,325 


2,648 


4,022 


2,254 


1,814 


1,775 


80 


2,529 


2,881 


5,316 


2,717 


2,209 


2,043 


90 


2,855 


3,031 


5,824 


2,757 


2,342 


1,736 


100 


2,877 


3,031 


5,367 


2,899 


2,516 


2,256 


no 


3,332 


3,373 


8,591 


3,475 


2,311 


2,256 



30 
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^'^'^Ple Shows that a Side-by-side bicomponent With PLA/PP 

degradable-containmg microfilament that can be spun at higher throughputs th^' 
conventional microfilament spinning. mrougiiputs than 



10 



15 



!0 



Example a 

A polylactic acid polymer fiom Lot/Box: 5 1 5-71 o waq rn^k- a 

.er„pe™u.of230T.PETa.dPP^eonfigu^^de-by-si*Xele 
teoughpu, of 230.4 g/„i„. Fi,« ^ a«, aJLd 

%^a,rasp„„„„ device. Air d.w be«v.en 20 and I.Opsi™^ 
Samples were care&lly collected a. 1 0 psi mcremenB arrf labeled TabteZ^- 
^^^^ for PP/PP, PLA/PP 3^ PET/PP 3ide by J.C^,^Z 

n^nufacn-erweitoproduce finer demer or i^^producdon rate. 

lable^. Filament Diameters for PP/PP PL A/PP pct/dh o . 
Brcomponen.. a. 0.8 g/mi^^gla;g ^^„^^T/PP Wide 




.^™'°™»P''*''™<l»'>«togPLAinamdUcompo„en,flber 
confi^ .de-by-^de »ift a polyoleiin .„ .nake fiaer denier fillenis^^ 
conventional equipment. 



Examp le 7 

u ''°'>''"''''^"''f<"i™='»<«°CargiULot«ox5I5-7IO(M„.69 000- 

Mw: 146.000a„d >^%R) was combined wid, polypropylene (Mop-eH MFi^; 
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a side~by-side bicomponent at 50:50 and 30:70. Side-by^side bicomponents at the 
same weight ratios were made for PET (TV 0.64)/PP (Montell, 35 MFR), however, 
final extruder melt temperature for PET/PP was 295°C. Throughputs for both side- 
by-side systems were increased from 0.1 g/min/capillaiy to 1.2 g/min/hole with 
5 increments of 0. 1 g/min. 



Table 7 , Crimp Frequency (crimps/inch) for PLA/PP and PET/PP Side-by-Side 
Bicomponents at Constant Draw Down Ratio at SO^C 



Throughputs 


50:50 


30:70 


(g/min/capillary) 


PLA/PP 


PET/PP 


PLA/PP 


PET/PP 


0.3 


20.7 


6.3 


26.3 


19.1 


0.4 


14.1 


7.2 


24 


12.1 


0.5 


9.3 


9.5 


29.8 


13.5 


0.6 


18.5 


5.4 


24 


9.9 


0.7 


12 


4.9 


25.4 


10.4 


0.8 


11.8 


5.8 


14.4 


8.5 


0.9 


4.3 


6.2 


19.4 


8.4 


1 


10.6 


3.6 






1.1 


9 


5.7 






1.2 


9.3 


9.3 







10 A polylactic acid polymer (Cargill Lot/Box: 515-710, approximately Mn: 69,000 / 
Mw: 146,000 and 1.2% R) combmed with polypropylene (Montell, MFI: 35) in a 
50:50 and 30:70 weight basis ratio into sheath-core configuration. Both PLA and 
PP were extruded at a final melt temperature of 230°C. PET and PP were combined 
at the same weight basis ratios and configurations. Pump speeds were adjusted to 

1 5 deliver 0. 8 g/min/capillaiy , for a total of 230.4 g/min. Filaments were quenched and 
attenuated with a Lurgi-style air aspiration device. Air draw forces between 20 and 
120 psi were applied. Samples were collected at 10 psi increments and labeled. 
Table 8 depicts the crimp frequency for PLA/PP and PET/PP side-by~sides at each 
draw down rate. 

20 



Table 8 . Crimp Frequency (crimps/inch) at lOO^C for PLA/PP and PET/PP Side- 
by-Side Bicomponents at Constant Draw Down Ratio (80 psig) 



Throughputs 


50:50 


30:70 




(g/min/capillary) 


PLA/PP 


PET/PP 


PLA/PP 


PET/PP 


0.3 


105.8 


108.7 


44.5 


35.3 


0.4 


52.2 


35.3 


45.2 


35.3 


0.5 


56.4 


38.8 


35.3 


38.8 


0.6 


43.7 


42.3 


36.8 


38.8 


0.7 


55 


38.8 


52.2 


22.6 


0.8 


46.6 


49.4 


48.7 


45.9 


0.9 


40.1 


63.5 


23.7 


30.3 


1.0 


44.5 


49.4 






1.1 


26.1 


39.5 






1.2 


57.2 


45.2 
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This example shows that using PLA as onp nf tv.^ 



Examp le g 

how D level M«,TOstkec,vaaUme 

desirable aKiita.es of bieomponenl fibers is to have hi.h 
*e„Ml bonding «,„pe,«^. --^«»J'ow 
15 for the selection of aiades of PLA ,„ h ! expenment prides 

applicati™.. «^ of "I"^ •» >« b-n-ponent fibers for vaHot. 

o,.^e„n.p„s::sr:srrr:rrTr^"""^ 

P»''--".*-e,,,oprod,..«p„Zlras4r^r'°''-^ 

P^^^e„.edfi^.San.p,esoftbe.,^pe,|e.,La,sotr^^^^^^ 

The data in the table below show a dramatic decrease i„ lv,.i, 
crystallinity (^'8) »d peak ntelting .e„,pe,«^ 3s the I>-leveHrr„ra^ Tb 

crystalhnitymthisexpenment. The oriented fiber has a higher Te than Hn 
spun fiber and, shows a lO'C decrease in « a T^_, . ^ 
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u— Level 










Lactide 


(%R— Lactic 


Material 


Mn 


Mw 


PDI 




Acid 












Residuals') 


a 


95,500 


218,000 


2.28 


1.6 


3.0 


b 


98,900 


226,000 


2.28 


0.8 


6.3 


c 


95,400 


203,000 


2.13 


0.3 


8.5 


d 


99,000 


230,000 


2.30 


1.3 


11.8 


e 


90,800 


210,000 


2.30 


0.9 


15.3 


f 


92,000 


234.000 


2.55 


1.0 


17.8 





Midpoint TgfO 


Crvstallinitv r.l/p^ 


Peak Meltin? Point 




Anne 


As 


Orien 


Anne 


As 


Orien 


Anne 


As 


Orien- 


Material 


-ated 


Spun 


-ted 


-ated 


Spun 


-ted 


-ated 


Spun 


ted 




Pellets 


Fiber 


Fiber 


Pellets 


Fiber 


Fiber 


Pellet 
S 


Fiber 


Fiber 


a 


62 


52.8 


66 


40.7 


4.0 


27.4 


164.6 


163.6 


160.7 


b 


54.9 


54.5 


65.1 


38.7 


1.3 


13.3 


150.3 


148.8 


148.0 


c 


60.7 


53.6 


62.7 


27.0 


0 


7.8 


143.7 


139.0 


137.4 


d 


56.9 


52.9 


60.2 


13.3 




2.1 


124.5 




120.2 


e 


58.2 


51.3 


56.2 












f 


57.9 


51.9 


56.2 
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Example 9 : 

A polylactic acid polymer (Cargill Lot/Box: 474-703 - -4%D) was 
combined in a 1 :1 ratio with a polybutylene succinate adipate copolymer (Bionolle 
3020, by Showa Highpolymer Co. Ltd.) into a sheath-core configuration. The PLA 

10 composed the sheath, the Bionolle composed the core. Each polymer was extruded 
separately to a special spinneret designed by Hills, Inc. where the two become 
coextruded mto bicomponent filaments. The PLA was extruded at a final melt 
temperature of about 230''C. The Bionolle was extruded at a melt temperature of 
about 200°C. The spinnmg head was maintained at a temperature of about 235*^C. 

1 5 Pump speeds were adjusted to yield about 0.6 cc/minute/capillary for a total .144 
capillaries or 86.4 cc/mmute total. The filaments were quenched and attenuated 
using a Lurgi-style air aspiration device. The aspiration device applies a draw force 
to the filaments by adjusting air pressure. An air pressure of 60 psig was applied to 
the filaments which were then collected by hand, carefiilly bagged to avoid 

20 accidental drawing of the filaments, then tested to determine properties and labeled 
3067-12-8 (Table 1, attached). During the spinning procedure, relative spinnability 
was observed for each sample and draw force. Spinning speeds were calculated 
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ba^ed on filamea, diameter and to „ ^ bottom of Table 10 n,. 

laments „e,e ob.„ed ,0 apb ve,y ,«U, wid, .„ '4^' 



Table 10 




1. 



Bicomponent Configuration: 
s/s 



s/c: Sheath/Core 
Side-by-Side 



10 2. 



Polymer Identification; 
Lot/Box Mn 



PLA 



503- 
70IEx. 



474- 
703EX. 
BionoUe 1030 



Mw 
149K" 


Mz 
""280K" 


Mz+l 
" 445K 


PDI 


%D 




%oli 


MFR 




IS" 


a9r" 


oT 


1*75 




134K 


294K 


680K 


2.3 


0.95 


0.3 


2.2 




175K 


353K 


595K 


2.48 


4.5 


0.7 


2.8 




136K 


266K 


455K 


2.27 


4.5 


0.4 


3.5 




llOK 
119K 


188K 
200K 


291K 
310K 


1.95 
1.97 






2.2 

2.1 


30- 
39 

20- 
29 



15 



(see attachment) 

Hmu^" ' '^""^'^ o«P*(((filamc„. radi« (™r2).pi,).Densi,y «io 
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ratio of each polymer was about 1:1. A 144 capillary spinneret was used, and 
extrusion conditions were essentially the same as described in Example 9. The 
filaments were quenched, passed over a finish application roll, accelerated with a 
series of godet rolls, and collected on a bobbin at 1000 meters per minute. The 
5 bobbin was allowed to age overnight. The filaments were then drawn and annealed 
using heated godets and again collected on a bobbin and labeled 3067-1 3-1 . Those 
properties appear in Table 11. The filaments appeared to have substantial strength 
and elongation. 

10 Table 11 



SAM- 
PLE 
ID 

(3067 
-12) 


(1) 
BICO 
CON 
-FIG. 


(2) 

1st 
Poly. 

(eg. 
sheath) 


(2) 
2nd 
Poly 

(eg. 
core) 


s/c 
ratio 


Cap. 

Tput 

(cc/ 

min/ 

cap) 


Wind- 
up 
Speed 
(mpm) 


(3) 
Spin 
Rate 
(H 
8) 


Fil. 
Diam. 
(urn) 


(4) 
Calc. 
Fil. Vel. 
(mpm) 


Tenacity 
(g/d) 


%Elong 
(%) 


1 


s/c 


474 


B1030 


1:1 


0.6 


1000 


4 


26 


896 






2 


s/c 


474 


81 030 


2:1 


0.6 


1000 


4 


27.2 


818 






3 


s/c 


474 


B1030 


2:1 


0.6 


1000 


4 


25.4 


939 






11 


s/c 


474 


B3020 


1:1 


0.6 


1000 


4 


24.4 


1017 


0.64 


85 


12 


s/c 


474 


B3020 


2:1 


0.6 


1000 


4 


25.1 


961 






13 


s/c 


474 


B3020 


2:1 


0.6 


1000 


4 


24.94 


973 






14 


s/c 


474 


513 


1:1 


0.6 


1000 


4 


24.6 


1001 


1.27 


126 


15 


s/c 


474 


513 


1:2 


0.6 


1000 


4 


25.3 


946 


1.23 


118 


(3067 

"13) 
1 


s/s 


474 


513 


1:1 


0.6 


1000 


4 


24.8 


984.48 






2 


s/s 


474 


513 


2:1 


0.6 


1000 


4 


24.7 


982.47 







1 . Biocomponent Configuration: s/c : Sheath/Core 

s/s: Side-by-Side 

2. Polymer Identification: 





Lot/Box 


Mn 


Mw 


Mz 


Mz+1 


PDI 


%D 


% 
M 


%oiig. 


MFR 


PLA 


503-701 


67500 


149K 


280K 


445K 


2,22 


0.95 


0.4 


1.75 






503-701EX. 


58200 


134K 


294K 


680K 


2.3 


0.95 


0.3 


2.2 






474-703 


70560 


175K 


353K 


595K 


2.48 


4.5 


0.7 


2.8 






474-703EX. 


59835 


136K 


266K 


455K 


2.27 


4.5 


0.4 


3.5 




Bionolle 


1030 


56700 


llOK 


188K 


291K 


1.95 






2.2 


30- 




3020 


60500 


119K 


200K 


310K 


1.97 






2.1 


39 

20- 






















29 



3. Spin Rating assumes continuum between ductile and brittle or elastic failure 
20 (see attachment) 

4. Velocity = (Volumetric output/(((fiIament radius (um))^2)*Pi))*Density ratio 
(~ 1.07/1 .35) 
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Example 11 



fitancnte fltoen, bund,. „f 

™7"^,'"^ g„,e,„u. Each gCe, .e^pe^l^Z ^ 
nmn«w; • ™ ^laments. Drawing conditions and filament 
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c 


Fiber 
Elong. 
(%) 




5 m IQ m 




£ g 3 


1.26 
1.72 
1.46 
1.4 
1.26 
3.3 
2.5 
85 


1.95 
3.4 
2.9 
2.3 


Drawn 
Fiber 
Denier 


m H rri n 
mm cs 


3.6 
2.29 
2.24 

2.7 


Draw 
Ratio 


1.5 
1.75 
1.5 
1.3 
1,3 
2.5 
2.88 
2.1 


<N lo m n 
ri ri 


Roll 2 




oo o *n 


Roil 2 




ooooooooooosooO\ 
ooo ooo ooo ooo 
oo o ^ 


Roll I 


oinoo<£200ooov)Oov>oeoooooQOOooo 
oro»-'Oap^Ooo«^or-**4Qr*>«>MSao-^000«<40oo^Ooo^ 


o V. OS g j5 OS g jn o g jn o 
fs| rs 


DRAWING 


Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 
U of wraps 
Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 
U of wraps 
Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 


Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 

Roll Speeds (mpm) 
Roll Temp, (c) 

# of wraps 




S S 8 2 2 




Tenacity 


0.64 
1.27 
1.27 
1.23 
1.23 




Calc. 
Fil.Vel. 
(mom) 


898 
818 
818 
818 
1017 
1001 
1001 
948 
948 


On ^ 0\ 




28 

27.2 
27.2 
27.2 
24.4 
24.8 
24.8 
25.3 
25.3 


24.8 
24.8 
24.7 
24.7 


s/c 
ratio 






(2) 
2nd Poly 
(eg core) 


B1030 i 

B1030 

B1030 

B1030 

B3020 

513 

513 

513 

513 


m m m m 
»n «n <rt »n 


(2) 
1st Poly, 
(eg sheath) 




Tf 

r-. 

^ ^ 


(1) 
BICO 
CONFIG. 




^ ^ ^ ^ 


5^ 




(3067-13) 
lA 

IB 

2A 

2B 
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EXAMPLE 12 

This example evaluates the spinning and physical properties of 
hydrolyzed PLA. 

A pilot spin line was used to test spinning performance of a PLA 
5 hydrolyzed using extrusion of moist molten polymer. Thermal-hydrolysis was used 
to reduce the molecular weight of PLA which in turn reduced the viscosity to a level 
more suitable for spunbond processing. Polymer was hydrolyzed by adding water to 
the surface of PLA pellets, then extruding and repelletizmg the PLA using a 30mm 
extruder. 

1 0 Hydrolyzed PLA pellets were crystallized and dried to <1 00 ppm 

moisture using Karl-Fisher analysis. Dried pellets were stored in sealed bags until 
used. In preparation for use, the pellets are transferred directly from the sealed bag 
into a N2 sparged hopper of the pilot spin line. 

Higher molecular weight PLA's were blended prior to the hydrolysis 
15 reprocessing. PLA's were selected that had low %D levels (<1 .5%D). Their 
average values appear below: 

Before Hvdrolvsis After Hvdrolvsis 

Mn: 94000 63,800 

%D: 1.3% 1.3 

20 

The spin line included of a sealed hopper with N2 entering the bottom 
of the hopper, and exiting the top. The hopper set atop the water-cooled feed 
section of a 1" extruder, with 24:1 length:diameter ratio (1/d). The polymer was 
conveyed to a Zenith gear pump which metered 0.9 grams per minute per capillary to 

25 the 68 capillary spinneret. The extruder rpm was controlled at a constant head 
pressure of 300 psig. 

A Lurgi-Docan style air aspirator device was positioned -2 meters 
from the spiimeret. The draw force can be varied by adjiisting the air pressure 
supplied to the aspirator device. Filaments were collected as they exited the 

30 attenuator (air aspuator device). Properties appear in Table 13. 
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Similar to standard reactor grades of PLA, hydrolyzed PLA exhibited 
the following characteristics: 

Higher attenuator pressure produced lower filament diameters 
5 (higher velocity) 

- Birefringence increased with calculated filament velocity 

- Crystallinity increased with calculated filament velocity 

- Boil Shrinkage decreased (nonlinearly) with increase in- 
filament velocity 

1 0 Lower meh temperature produced lower shrinkage values relative to 

filament velocity. In other words, the shrinkage/velocity curve shifted to the left 
with lower melt temperature. 

The addition of tartaric acid as a stabilizer (0.05%) did not appear to 
negatively affect fiber processability, attenuation, crystallinity, or shrinkage. 

1 5 The addition of Ti02 also did not appear to negatively impact 

processability, attenuation or shrinkage. 

Applicants found that hydrolyzed PLA appears sxiitable for use in 
fiber and nonwoven processes and applications. Furthermore, the use of hydrolysis 
appears to be a viable alternative to producing fiber grades of PLA solely by 

20 polymerization. It is expected that a polymerization process could be used to 
produce a single grade of PLA, that would then be reprocessed to meet individual 
market or customer specifications. By so doing, the economics of polymerization 
and production may be improved, since the production of fewer grades means less 
transition waste. 

25 It is expected that the hydrolyzed PLA can be combined with selected 

additives to improve properties, such as whiteness or stability, without imparting 
processability or shrinkage performance. 
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EXAMPT.Fl^ 

screw, vented extruder eguiored mih 4 1,,..- "Kl fed lo a twin 

e.«t.«,.r.:-tizi:::rj"„:^^^ 

results appear in Table 14. ^ conveyor. The 

^PP^'^^^^'^^'Jthatthermallystablefabricf-lS IQ 94„ ^ 
25 P^duced at two throughputs; that calendaring of the wllcr ' V"'^^'' 
ciystallinity and reduced shrinkage that ^en fZ ' 
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Ed 
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i2 



i 



St 



Q .E 



<2 



CO 



U b 



St 



St 



-'3 ^ i. 



u 


39.4 


N< 

^ o 

X 




X 




c< 

S2 

X 


r- 
vo 


Residual 
Lactide 

(%) 


0.46 


Boil 
Shrinkage 
(%) 


18.8 


• /«-^ 
c< 


1.58 


1 Filament 
Velocity 
(mpm) 


4814 


Diameter 
(um) 


n 

as 




Filament 
1 Properties 
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EXAMPl.ff. Id 

ma^r "^^ » of 

^ '^^'"'^ these sMeswffi a reactor piaiuct: 

72400 156000 273000 418000 2.15 3„ 

Tri,l. , « • ..^""^ *AJ.age/fUame„, veloeity curve hee 

.0 X 



TABLE 15 



15 



20 



25 




EXAMPT.y , IK 
This example evaluates the affpot of r.r«^»„ • 

fitoen. properties (compare s™p,« o*D); ^ Mg^er caplUary 0^^, 
produced shghUy hiBher sbrinkages at a given dnnv force- L Z™^ , 
Measured .,Bo„ Stabkagc, „ iLeases ^ftl^'^.^^^'''^ 
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TABLE 16 



Force 


0.4 mm. 


0.4 




0.4 mm. 


????? 


0.8 mm. 


0.8 mm. 


0.4 mm. 


0.4 mm. 


Force 


0.8 


mm* 




0.6 


0.6 


0.6 


0.8 


0.6 


0.6 g/m/h 


(psig) 


g/m/h 


0.6 




g/m/h 


g/m/h 


g/m/h 


g/m/h 


g/m/h 


220*C 




220X 


g/m/h 




230X 


240'C 


220»C 


220*0 


240»C(T) 


(TT) 




(B) 


220*C 




(G) 


(h) 


(E) 


(D) 






50 


30.0 


16.3 


12.2 


49.4 


63.0 


11.6 


49.4 


70.0 


9.6 


55 


16.3 


13.1 








10.0 


23.8 






60 


13.8 


10.6 


10.9 


15.3 


52,2 


10.6 


16.3 


56.6 


11.9 


65 


11.3 


10.0 








11.9 


15.3 






70 


9.4 


6.3 


10.9 


12.9 


26.3 


10.9 


11.9 


20.0 


10.9 


75 


7,5 


3.1 








12.2 


12.1 






80 


10.0 


6.9 


12.5 


12.9 


21.3 


12.5 


11.3 


14.0 


11.5 


85 


11.9 


11.9 








13,1 


11.9 






90 


15.0 


11.9 






16.3 


13.8 




13.4 





FreefallOpsi 11.3 



S * Numbers shown are percent shrinkage of a 20 inch flber subjected to boiling water 

immediately after spinning. Two samples of fiber were tested for shrinkage and the results 
averaged. 

EXAMPLE 16 

This example evaluates the effect of processing conditions (melt 
10 temperature, capillary throughput, and attenuator pressure) and polymer parameters 
(molecular weight and %D) on spinning, shrinkage, crystallinity of as-spun 
filaments. 

A statistical design approach was used to determine process and 
polymer effects and interactions. Results are provided in Table 17. 

1 S Applicants found that higher molecular weight samples generally 

produced filaments with lower shrinkage, at a given set of processing conditions 
(melt temperature, tput, etc.); and that lower airgun pressure (therefore lower 
filament velocity) generally produced filaments with higher shrinkage, lower 
crystallinity and lower birefiingence. The exception exists at higher velocity where 

20 a minimum shrinkage is achieved. After a minimimi shrinkage is achieved, higher 
velocities do not necessarily result in further reduction of shrinkage. Applicants 
additionally foxmd that the combination of lower filament velocity and higher 
temperatures (250 vs. 240) produced filaments with lower orientation, lower 
crystallinity and higher shrinkage. Furthermore, Applicants did not identify a 

25 significant effect on shrinkage by either the %D (0.8 and 1 .3% D), or capillary 
throughput 0.6 & 0.8 cubic centimeters per minute per capillary (cc/m/h). 

It will be understood that even though these numerous characteristics 
and advantages of the invention have been set forth in the foregoing description, 
together with details of the structure and function of the invention, the disclosure is 

30 illustrative only, and changes may be made in detail, especially in matters of shape, 
size and arrangement of the parts or in the sequence or the timing of the steps, Mdthin 
the broad principle of the present invention to the full extent indicated by the broad 
general meaning of the terms in which the appended claims are expressed. 
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PROCESS CONDITIONS 
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We claim: 

A fibrous material comprising: 

plurality of polyiactide containing fibers exhibiting an average fiber boiling 
water shrinkage propensity of less than about 20%. 

A fibrous material according to claim 1, wherein the plurality of polyiactide 
containing fibers exhibit an average fiber boiling water shrinkage propensity 
of less than about 15%. 

A fibrous material according to claim 1, wherein the plurality of polyiactide 
containing fibers are monocomponent fibers comprising at least about 50%, 
by weight, polyiactide polymer. 

A fibrous material according to claim 1, wherein the plurality of polyiactide 
containing fibers are monocomponent fibers comprising a blend of 
polyiactide polymer and non-polylactide polymer. 

A fibrous material according to claim 4, wherein the non-polylactide ' 
containing polymer is a polymer selected from the group consisting of 
polyolefins, polyamides, polyesters, blends thereof, alloys thereof, and 
copolymers thereof. 

A fibrous material according to claim 1, wherein the fibrous material is 
provided as a calendered nonwoven product. 

A fibrous material according to claim 1, wherein the fibrous material is 
provided as a heat bonded nonwoven product. 

A fibrous material according to claim 1, wherein the plurality of polyiactide 
containing fibers are multicomponent fibers comprising a first component 
comprising polyiactide polymer and a second component comprising 
polyiactide polymer or non-polylactide polymer. 

A fibrous material according to claim 8, wherein the second component 
comprises a non-lactide polymer selected from the group consistmg of 



SUBSTITUTE SHEET (RULE 26) 



wo 98/50611 

jQ PCT/US98/08417 

''"'^ --Of. . 



10. 



25 



copolymer. W. aiioys thereof, and 

A fibn,us material according to claim 8, wherein the multicomponent fiber is 
Pro^dedmasheath/c^^^ 
extenor to a core component. i~"cm 

A«'™'»'>««ri'I«»*gtocWm,o.whe,ei„4efa,comp„„e., 

provided as the coK component of the sheath/core construction. 

AAWniat^ialaccordingtoclann 13. »h«.in the second is provided as 
thesheathcompo„entandcomprisespol,laotidepoI,n,er. 

A fibrous niateriai accotding to clain, 14, therein the polyactide poivnte, „, 
4e core compone« is provided with an enantiomedc puril whieh^sZl 
tlian the enanUomeiic purity of the nolvWfirf. . '"^"^'^BKOa 
component. """'^"'^'^ Polymer of the sheath 

Aflb^^ntaterial according ,0 claim 8, wherein the ntulto^^^^ 

P^vtdedmaconstnrton selected irom the gt^up consisting oLde-^^ 
2^T^ segmented pie constntction, and isla„ds-f„^^ 
construction. 



12. 



15 13. 



14. 



20 



15. 



16. 



30 



35 



17. 



18. 



19. 



A fibrous material according to claim 8. wherein the first component 
compnsesabendofpolyactidepolymerandnon-polylactide^l^^^^ 

A fibrous material according to claim 1, wherein the plurality of polvlactide 
contammgfibersareprovidedasaspunbondedmaterial. 

A fibrous material according to claim 1 , wherein the plurality of polylactide 
contaimng fibers are provided as a meltblown material. 
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20. A fibrous material according to claim 1, wherein the plurality of polylactide 
containing fibers are provided as a woven material. 



5 21. 



A fibrous material according to claim 1, wherein said polylactide containing 
fibers have a ciystallinity of greater than 20 J/g. 



22. A fibrous material according to claim 1, wherein said polylactide containing 
fibers have a crystallinity of greater than 25 J/g. 

10 

23. A fibrous material according to claim 1, wherein said polylactide containing 
fibers comprise melt blown fibers prepared fi-om polylactide polymer having 
a number average molecular weight between about 25,000 and about 
110,000. 

15 

24. A fibrous material according to claim 1 , wherein said polylactide containing 
fibers comprise melt blown fibers prepared fi-om polylactide polymer having 
a number average molecular weight of between about 32,000 and about 
60,000. 

20 

25. A fibrous material according to claim 1, wherein said polylactide containing 
fibers has comprise spun bond fibers prepared firom polylactide polymer 
having a number average molecular weight of between about 25,000 and 
about 150,000. ° 

25 

26. A fibrous material according to claim 1, wherein said polylactide containing 
fibers comprise melt spun fibers prepared from polylactide polymer having a 
number average molecular weight of between between about 50,000 and 
about 90,000. 

30 

27. A laminate comprising: 

fiberous material comprising a plurality of polylactide containing fibers 
exhibiting an average fiber boiling water shrinkage propensity of less than 
about 20 percent; and 
35 film. 



A laminate according to claim 27, wherein the film comprises a polylactide 
polymer. 
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29, A product comprising: 

pluiali^- of polyiacdde contaimng fibers exhibiling m av«a«« fiber I«,ni„ 

A produa aocorting to claim 29, „h«ei„ ^ ^ 

average fiber bod«,g ^ ahtakag. ^^^^ ^ ^ 

A fibrous material comprising: 
aplurality of polylactide containing fibers exhibiting an average fiber hn,T 

33. A laminate comprising: 



30. 
31. 

10 

32. 



20 



25 



35. 

30 



34. A product comprising: 

a fiW material comprising a plurality of polylactide containing fibe,. 

Ameftodforma»„fteu™gldghshri«kpolylaetideconte4,gfib„ 
process comprising a step of: '6 ""ers, uk 

extruding polylactide to provide polylacdde co,«aimig fibers exbibitin, 
heat of fusion of less than about 25 J/g. 
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FIG. 8 Amount of crystollinity as a function of take-up velocity (V) 
for different melt temperature (Tm) and melt throughput (mtp). 
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FIG. 10 Amount of shrinkage as a function of take-up velocity (V) 
for different melt temperature (Tm) and melt throughput (mtp). 
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FIG. 12 Fiber birefringence as a function of take-up velocity (V) 
for different melt temperatures (223, 233, and 245*C) and 
constant melt throughput of 2,95 g/min or 0.74 g/min/hole. 
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FIG. 14 Amount of crystallinity as a function of take-up velocity 
(V) for different melt throughput (2.95 and 6.63 g/min or 0.74, 
and 1.66 g/min/hole) and constant melt temperatures of 233*C. 
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FIG. 16 Amount of shrinkage as a function of take-up velocity (V) 
for different melt throughput (2.95 and 6.63 g/min or 0.74, and 
1.66 g/min/hole) and constant melt temperatures of 233*C. 
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FIG. 18 Shrinkage as a function of take-up velocity 
(V) for different polymers. Melt temperature is 233*C, 
and mass throughput is 2.85 g/min (0.71 g/min/hole). 
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Melt tennperature is 233*C, and nnass 
throughput is 2.85 g/nnin (0.71 g/nnin/hole). 
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FIG. 22 Fiber shrinkage as a function of take-up 
velocity (V) for two polymers and their blends. 
Melt temperature is 233*C, and mass throughput 
is 2.85 g/min (0.71 g/min/hole). 
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